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Science  Applications  International  Corporation  (SAIC)  has  performed  this  IRP 
Phase  II,  Stage  2  (Confirmation)  Investigation  under  Delivery  Order  39  of  Air 
Force  Contract  No.  F-33615-80-D-4002.  The  purpose  of  the  investigation  was  to 
confirm  the  type  and  extent  of  groundwater  contamination  at  McChord  Air  Force 
Base,  Washington  as  identified  in  the  Stage  1  Investigations,  and  to  identify 
those  hazardous  waste  disposal  practices,  fuel  spills,  and  industrial  waste 
discharges  which  are  probable  contaminant  sources. 

Field  investigations  began  in  June  1983  and  were  completed  in  March  1985  with 
the  conclusion  of  groundwater  soundings.  Major  Dennis  D.  Brownley  was  the 
technical  monitor  for  the  USAF  Occupational  and  Environmental  Health  Labora¬ 
tory.  Major  Robert  Blnovl,  succeeded  by  Captain  Dulcle  Welsman,  were  McChord 
Air  Force  Base  Bioenvironmental  Engineers  during  the  Stage  2  investigations. 
Both  were  instrumental  in  obtaining  field  logistics  support  and  escort  assis¬ 
tance  in  the  performance  of  these  field  investigations.  SAIC  personnel  instru¬ 
mental  to  the  success  of  this  effort  have  included  John  Meade,  who  served  as 
the  IRP  Program  Manager;  Joyce  Standlsh,  who  served  as  the  contracts  admini¬ 
strator;  and  Patt  O'Flaherty,  Leigh  Starlln,  Don  Weston,  and  Claudia  Wiegand 
who  assisted  in  the  field  and  analytical  programs.  The  authors  also  wish  to 
express  our  appreciation  to  Michael  L.  Feves,  Ph.D. ,  of  Foundation  Sciences, 
Inc.,  who  performed  the  seismic  refraction  and  electrical  resistivity  work  and 
quite  accurately  established  the  depths  to  the  glacial  till  and  groundwater 
surfaces;  Peter  Dye  for  graphics  work;  and  Linda  Wynands  and  Kim  Spencer  for 
project  administiration,  report  preparation,  and  production. 


Richard  W.  Greiling,  P.E. 
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EXECUTIVE  SUMMARY 


This  report  presents  the  results  of  the  Phase  II,  Stage  2  (Confirmation) 
Investigation  performed  at  McChord  Air  Force  Base,  Washington,  in  accordance 
with  the  U.S.  Air  Force  Installation  Restoration  Program  (IRP).  The  investi¬ 
gations  were  performed  to  confirm  the  type  and  quantities  of  groundwater 
contaminants  that  may  be  a  consequence  of  past  waste  disposal  practices 
identified  during  the  IRP  Phase  I  records  search  and  the  Phase  II,  Stage  1 
investigations  conducted  earlier  by  the  USAF.  The  Stage  1  reconnaissance 
investigation  measured  low  level  organic  and  heavy  metal  contamination  at 
several  sites  across  the  base  and  recommended  further  studies  be  done  to 
confirm  contaminant  characteristics  and  distribution. 

Phase  II  investigations  have  been  performed  across  eight  geographic  areas  of 
McChord  AFB  which  Include  37  of  the  43  potential  hazardous  waste  sites  rated 
by  the  USAF  Hazard  Assessment  Rating  Methodology  (HARM).  The  six  HARM  rated 
sites  not  included  in  the  field  programs  to  date  are  in  the  second  or  third 
level  of  priority  for  investigation  under  the  IRP  program.  All  but  one 
(No.  59)  of  the  six  sites  are  hydraulically  upgradlent  of  emplaced  monitoring 
wells.  An  additional  11  of  19  sites  not  ranked  by  HARM  and  not  considered  to 
be  an  environmental  risk  are  incorporated  into  the  study  because  of  boundary 
definition. 

A  total  of  42  borings  and  44  groundwater  monitoring  wells  have  been  constructed 
on  McChord  AFB  since  the  field  studies  began  in  late  1982.  More  than  22,000 
lineal  feet  of  seismic  refraction  lines  have  been  surveyed  together  with 

development  and  testing  of  23  electrical  resistivity  stations.  Almost  500 

soundings  have  been  made  to  measure  depths  to  the  static  water  table,  and  more 

than  7,500  measurements  have  been  taken  iji  situ  to  monitor  groundwater  pH, 

temperature,  and  specific  conductance.  More  than  300  chemical  analyses  have 
been  performed  to  identify  and  quantify  organic  and  heavy  metal  constituents 
in  groundwater  near  sites  of  known  or  suspected  hazardous  waste  release. 

Together  with  hydrogeologic  data  collected  in  the  course  of  groundwater 
contamination  investigations  in  the  Lakewood-Ponders  Corner  area  and  the 
American  Lake  Garden  Tract  (both  residential  areas  which  are  adjacent  to  the 
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base),  the  IRP  Phase  II  field  results  have  confirmed  that  at  least  two  ground- 
water  aquifers  exist  In  the  vicinity  of  McChord  AFB.  The  aquifers  are  separ¬ 
ated  by  a  blue  clay  lens  burled  about  180  feet  below  the  ground  surface.  The 
surface  aquifer  water  table  Is  generally  15  to  25  feet  below  the  ground 
surface  and  Is  susceptible  to  contamination  because  of  free-draining  coarse 
sands  and  gravels. 

The  surface  aquifer  Is  divided  In  places  by  an  areally  extensive  but  not  fully 
continuous  glacial  till  unit  that  varies  In  thickness  from  20  to  80  feet.  The 
surface  of  this  unit  Is  Irregular  and  consists  of  highs  extending  above  the 
water  table  and  approaching  the  ground  surface,  and  low  broad  troughs  40  to  60 
feet  below  the  present  land  surface.  An  apparent  high  formation  of  till  lies 
beneath  the  north  central  portion  of  the  base.  Seismic  refraction  and  boring 
log  data  suggest  the  till  unit  rises  above  the  water  table  along  much  of  Its 
north-south  axis. 

Regional  groundwater  flow  In  the  upper  aquifer  Is  In  a  northwest  direction  at 
gradients  of  12  to  20  feet  per  mile.  Flow  velocities  of  5  to  10  or  more  feet 
per  day  may  be  present  In  the  glacially  deposited  sands  and  gravels.  Ground- 
water  flow  Is  locally  Influenced  by  the  presence  of  the  glacial  till  unit. 
That  portion  of  the  aquifer  which  Is  above  the  surface  of  the  till,  and  hence 
openly  connected  to  sources  of  pollution  at  the  ground  surface,  frequently 
.•'ollldes  against  high  spots  and  ridges  In  the  till  formation.  Groundwater 
flow  Is  then  either  restrained  or  diverted  In  direction.  Water  table  measure¬ 
ments  show  a  high  In  the  north-central  portion  of  the  base  that  correlate  with 
the  surface  features  of  the  till.  From  this  high,  groundwater  appears  to  flow 
either  to  the  north  or  to  the  southwest. 

Surface  topographic  relief,  and  what  may  be  remnant  stream  channels  which 
deeply  eroded  the  surface  of  the  subterranean  till  within  the  western  portion 
of  the  base.  Influence  and  may  cause  local  changes  In  the  direction  of  ground- 
water  flow.  One  of  the  steeper  hydraulic  gradients  measured  during  these 
Investigations  Is  one  which  shows  groundwater  moving  across  the  western  por¬ 
tion  of  McChord  AFB  and  towards  the  American  Lake  Garden  Tract.  Finally, 
boring  logs  and  groundwater  gradients  suggest  that  permeable  glacial  outwash 
deposits  In  the  American  Lake  Garden  Tract,  the  Ponders  Corner  area,  and 
beneath  Clover  Creek  serve  as  major  avenues  for  groundwater  flow. 


2 


SMC 


Chemical  contamination  of  groundwater  Is  not  as  widespread  as  reported  in 
earlier  IRP  studies.  All  monitoring  stations  east  and  south  of  the  developed 
areas  of  the  base  are  generally  free  of  chemical  contaminants  which  may  be 
anthropic  in  origin.  However,  some  monitoring  wells  within  or  downgradient  of 
designated  study  areas  contain  trace  levels  of  pesticides,  8traight“chain  or 
chlorinated  hydrocarbons,  and  selected  heavy  metals.  Few  wells  are  contami¬ 
nated  by  all  of  the  above  pollutant  types,  and  pollutant  concentrations  are 
generally  below  10  ug/1. 


Fllow-on  response  Is  recommended  in  four  of  the  areas  Investigated.  In 
addition,  a  long-term  monitoring  program  is  recommended  as  compliance  assur¬ 
ance  for  Air  Force  adherence  to  regulations  regarding  the  safe  handling  and 
disposal  of  hazardous  materials.  The  highlights  of  the  follow-on  studies  or 
potentially  feasible  remedial  actions  Include: 


•  Evaluation  and  potential  construction  of  recovery  and  treatment 
systems  to  remove  floating  fuel  from  the  water  table  west  and  north 
of  the  liquid  fuels  bulk  storage  tanks.  The  sources  of  the  fuel 
product  are  likely  to  include  historical  spills,  aircraft  fuel 
system  maintenance,  and  tank  farm  operations.  There  are  no  known 
sources  of  ongoing  contamination. 

•  Evaluation  and  potential  construction  of  a  fuel  recovery  system  to 
remove  from  the  groundwater  surface  a  floating  layer  of  what  is 
believed  to  be  mixed  leaded  gasoline,  diesel  fuel,  and  chlorinated 
solvents  beneath  industrial  operations  and  washracks  adjacent  to  MAC 
”C”  and  "D”  ramps.  Numerous  spills  and  waste  discharges  through 
leach  pits  and  dry  wells  are  believed  to  be  the  sources  of  the 
floating  fuel  cap  and  chemical  contamination. 

•  Rototill  and  aerate  surface  soils  in  a  depression  west  of  Building 
307  and  those  south  of  Building  342  which  have  been  contaminated  by 
aviation  fuels  and  industrial  solvents.  Groundwater  contamination 
in  these  areas  is  slight,  however,  suggesting  attenuation  of  the 
hydrocarbons  in  the  soil  mantel.  These  soils  should  be  rototllled 
to  accelerate  hydrocarbon  volatilization,  photooxldatlon,  and  bio- 
transformation. 

•  Chlorinated  organic  contamination  in  the  groundwater  beneath  the 
western  end  of  the  McChord  AFB  golf  course  is  of  similar  type  and 
concentration  as  that  found  in  the  American  Lake  Garden  Tract. 
Groundwater  hydraulically  downgradient  of  closed  landfills  has  been 
tested  negative  as  to  the  presence  of  volatile  organic  chemicals, 
but  elevated  total  iron  as  measured  in  monitoring  wells  and  base 
irrigation  wells  suggests  leachate  migration.  Wells  placed  near  the 
Base  Housing  Gate  contain  the  same  contaminant  types  as  those  meas¬ 
ured  off-base  but  generally  at  lowi’r  concentrations.  One  well 
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placed  in  the  vicinity  of  abandoned  ordnance  demolition  and  waste 
fuel  burn  kettles  (IRP  Site  26)  has  confirmed  solvent  contamination 
in  the  groundwater.  All  wells  constructed  on  McChord  AFB  have 
higher  hydraulic  head  than  those  measured  in  the  American  Lake 
Garden  Tract.  Additional  studies  should  be  undertaken  to  determine 
if  the  Site  4  landfill,  Site  26  burn  kettles,  or  a  previously 
overlooked  burial  pit  near  the  Base  Housing  Gate  may  be  a  source  of 
solvent  contamination.  These  studies  should  Include  soil  gas 
testing,  additional  seismic  refraction  and  electrical  resistivity 
surveys,  well  construction  and  pump  testing  of  the  aquifer,  and 
groundwater  chemical  characterizations.  Confirmation  of  groundwater 
transport  between  different  levels  within  the  upper  aquifer  and  the 
Influence  on  groundwater  transport  and  chemical  flux  as  exerted  by 
activities  on  Fort  Lewis  will  also  assist  In  defining  the  areal 
extent  and  Impact  of  groundwater  contamination  on  McChord  AFB  and  In 
the  American  Lake  Garden  Tract. 

•  Establish  a  long-term  groundwater  monitoring  program  to  perform  pre¬ 
ventive  maintenance  on  all  wells  and  selective  sampling  and  analysis 
of  groundwater  according  to  a  three-tier  priority  schedule.  Level  I 
wells  are  those  downgradlent  and  closest  to  base  activities  or  waste 
disposal  sites  with  a  potential  for  groundwater  contamination. 
These  wells  should  be  sampled  most  frequently  and  generally  for  a 
target  group  of  compounds.  Level  II  wells  are  those  upgradient  of 
Air  Force  activities  which  now  test  free  of  most  contaminants  and 
should  be  used  to  characterize  background  water  quality  while  simul¬ 
taneously  serving  as  monitoring  wells  near  remote  and  historical 
disposal  sites  of  lesser  significance  than  those  above.  Finally, 
Level  III  wells  are  those  that  can  be  sampled  when  It  Is  necessary 
to  confirm  contamination  as  measured  in  Level  I  wells. 
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1 .0  INTRODUCTION 


1.1  PURPOSE  AND  BACKGROUND 

This  section  of  the  Phase  II,  Stage  2  report  has  been  prepared  to  familiarize 
the  reader  with  the  objectives  of  the  U.S.  Air  Force  Installation  Restoration 
Program  and  its  applicability  at  McChord  Air  Force  Base,  Washington.  Accord¬ 
ingly,  Sections  1.0  and  2.0  are  written  with  a  time  element  of  July  1983 
through  March  1985  and  present  a  summary  of  events  and  information  available 
during  this  period  of  the  McChord  AFB  field  Investigation.  Conspicuously 
absent  are  preliminary  findings  and  results  associated  with  federal-  or  state- 
funded  groundwater  studies  on  either  McChord  AFB,  the  Fort  Lewis  Military 
Reservation,  or  within  or  adjacent  to  the  American  Lake  Garden  Tract  ongoing 
or  planned  at  the  conclusion  of  this  Phase  II  (Stage  2)  work.  The  reader  is 
encouraged  to  review  work  reports  from  these  studies,  some  of  which  were 
founded  upon  conclusions  and  recommendations  presented  in  this  document. 
Information  presented  herein  has  been  used  in  design  of  the  resultant  field 
program  and  in  the  presentation  of  findings,  conclusions,  and  recommendations 
presented  in  subsequent  sectlonr.  of  this  report. 

1.2  THE  INSTALLATION  RESTORATION  PROGRAM 

The  U.S.  Air  Force  (USAF),  due  to  its  primary  mission  of  defense  of  the  United 
States,  has  frequently  been  engaged  in  operations  dealing  with  toxic  and  hazar¬ 
dous  materials.  Recognizing  the  potential  for  improper  management  of  these 
toxic  or  hazardous  materials,  the  Department  of  Defense  (DoD)  has  implemented 
a  program  to  identify  the  locations  and  contents  of  past  disposal  sites  and 
eliminate  the  hazards  to  public  health  in  an  environmentally  responsible 
manner.  This  DoD  program  is  called  the  Installation  Restoration  Program 
(IRP).  The  current  IRP  policy  is  contained  in  the  Defense  Environmental 
Quality  Program  Policy  Memorandum  (DEQPPM)  81-5,  dated  11  December  1981,  and 
Implemented  by  Air  Force  message  211807Z  January  1982.  The  IRP  is  defined  in 
DEQPPM  81-5  as  a  four-phased  program  designed  to  assure  that  identification, 
conf Irmation/quantlf ication,  and  remedial  actions  are  performed  in  a  timely 
and  cost-effective  manner.  The  Initial  IRP  guidance  was  developed  and  pub¬ 
lished  in  June  1982.  This  document  included  in-depth  guidance  for  Phase  I, 
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concept  guidance  for  Phase  II,  and  general  guidance  for  Phases  III  and  IV. 
The  management  concept  for  Phase  II  was  updated  by  the  Air  Force  Engineering 
and  Services  Center  (AFESC)  In  May  1982.  Each  phase,  briefly  described,  and 
Its  relationship  to  the  overall  program  are: 

1.  Phase  I  -  Installations  Assessment  (Records  Search)  -  Phase  I  Is  the 
responsibility  of  the  USAF's  Engineering  and  Services  Center.  Its 
purpose  Is  to  Identify  and  rank  by  degree  of  concern  those  past  dis¬ 
posal  sites  that  may  pose  a  hazard  to  public  health  or  the  environment 
as  a  result  of  contaminant  release  or  migration.  It  Is  determined  In 
this  phase  whether  a  site  requires  further  action  to  confirm  an  envi¬ 
ronmental  hazard  or  whether  It  may  be  considered  to  present  no  hazard 
at  this  time.  If  a  site  requires  Immedijite  remedial  action,  such  as 
removal  of  abandoned  wastes,  the  action  ''an  proceed  directly  to  Phase 
IV.  Phase  I  provides  the  background  documentation  for  the  Phase  II 
study. 

2.  Phase  II  -  Confirmation/ Quantification  -  Phase  II  is  the  responsibil¬ 
ity  of  the  USAF's  Occupational  and  Environmental  Health  Laboratory 
(USAFOEHL).  The  purpose  of  this  phase  Is  to  define  and  quantify  by 
comprehensive  environmental  and/or  ecological  survey  the  presence  or 
absence  of  contamination,  the  extent  of  contamination,  waste  charac¬ 
terization  (when  required  by  the  regulatory  agency),  and  identify 
sites  or  locations  where  remedial  action  Is  required.  Research 
requirements  identified  during  this  phase  will  be  directed  to  AFESC 
for  Inclusion  in  the  Phase  III  effort  of  the  program.  Needs  for 
contaminant  health  standards  will  be  Identified  to  the  Command  Surgeon 
for  resolution. 

Phase  III  -  Technical  Base  Development  -  This  phase  Is  the  responsi¬ 
bility  of  the  USAF's  Engineering  and  Services  Center.  Its  purpose  Is 
to  develop  a  sound  data  base  upon  which  to  prepare  a  comprehensive 
remedial  action  plan.  This  phase  Includes  implementation  of  research 
requirements  and  technology  for  objective  assessment  of  adverse 
effects.  A  Phase  III  requirement  can  be  Identified  at  any  time  during 
the  program. 

4.  Phase  IV  -  Operations/Remedial  Actions  -  This  phase  Is  the  responsi¬ 
bility  of  the  USAF's  Engineering  and  Services  Center  and  Includes  the 
preparation  and  Implementation  of  the  remedial  action  plan. 


1.3  BASE  HISTORY  AND  MISSION 

McChord  Air  Force  Base  (AFB)  is  located  in  western  Washington  approximately 
seven  miles  south  of  the  business  district  of  the  City  of  Tacoma  (Figure  1). 
A  portion  of  the  base  shares  a  common  boundary  line  with  the  Fort  Lewis 
Military  Reservation.  McChord  AFB  occupies  a  site  which  was  a  small  dirt 
strip  airport  in  the  1930s  that  was  known  as  Tacoma  Field. 
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F igure  1 

GENERAL  LOCATION  MAP  FOR  McCHORD  AIR  FORCE  BASE.  WASHINGTON 
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The  majority  of  McChord  AFB  was  developed  between  1938  and  1941.  Primary 
construction  consisted  of  two  runways  and  four  hangars.  The  base  administra¬ 
tion  building,  hospital,  radio  transmitter  building.  Air  Corps  barracks,  main¬ 
tenance  building,  coal-fired  heating  plant,  and  six  residential  buildings  were 
also  completed  during  this  time.  McChord  Field  was  formally  dedicated  on 
3  July  1940. 

After  dedication  of  the  airfield,  McChord  served  primarily  as  a  bomber  base, 
and  the  home  of  the  17th  Bombardment  Group  and  the  89th  Reconnaissance 
Squadron.  These  units  flew  the  B-18  and  B-23  aircraft.  The  base  mission 
greatly  increased  following  the  Japanese  attack  on  Pearl  Harbor  as  McChord 

became  the  largest  American  bomber  training  base.  The  current  host  unit,  the 
62nd  Military  Airlift  Wing  (then  designated  the  62nd  Transport  Group)  was 
assigned  to  McChord  in  1947,  and  on  1  January  1948  McChord  Field  was  redesig¬ 
nated  McChord  Air  Force  Base.  Until  the  1950s  the  base  experienced  little  or 
no  growth,  but  the  second  major  construction  phase  began  when  significant 
traffic  in  both  men  and  supplies  passed  through  McChord  in  support  of  the 

United  Nations  operations  in  Korea.  This  construction  effort  was  primarily 
the  Installation  of  improved  weapons  systems,  fighter  operational  facilities, 
and  a  lengthening  of  the  runway  to  8,100  feet.  In  1960  the  runway  was  length¬ 
ened  again  to  10,100  feet. 

During  the  1960s  McChord  became  a  major  gateway  to  southeast  Asia.  The  base 
became  a  Military  Airlift  Command  (MAC)  installation  in  1968  when  the  62nd 

Military  Airlift  Wing  (MAW)  assumed  command  of  the  base  from  the  25th  Air 
Defense  Command.  The  1970s  marked  the  third  and  most  recent  development  phase 
of  McChord  AFB  with  the  Installation  of  improved  navigational  equipment, 
conversion  of  the  central  heating  plant  from  coal  to  natural  gas,  and  the 

construction  of  a  variety  of  other  support  services  ranging  from  a  passenger 
terminal  to  a  bowling  alley  and  canine  facilities. 

The  primary  mission  of  McChord  AFB  is  that  of  the  62nd  MAW  which  provides  for 
the  airlift  of  troops,  equipment,  passengers,  and  mail  during  peacetime  or 
wartime.  Secondary  or  tenant  missions  include  the  25th  North  American  Aero¬ 
space  Defense  Command;  318th  Fighter  Interceptor  Squadron  (FIS);  446th  MAW; 


8 


1905th  Connnunlcatlons  Squadron;  Detachment  11,  17th  Weather  Squadron;  Detach¬ 
ment  11,  1369th  Photographic  Squadron;  Field  Training  Detachment  502;  and  the 
52nd,  53rd,  and  86th  Aerial  Port  Squadrons. 

Aircraft  presently  at  McChord  Include  the  C-130  Hercules  and  the  C-141 
Starlifter  (both  assigned  to  the  62nd  MAW)  and  the  F-15  supersonic  Interceptor 
(assigned  to  the  318th  FIS).  The  318th  FIS  also  conducts  pilot  training  using 
the  T-33  jet  aircraft. 

1.4  THE  INSTALLATION  RESTORATION  PROGRAM  AT  McCHORD  AIR  FORCE  BASE 
1.4.1  IRP  Phase  I  Records  Search 

The  IRP  Phase  I  records  search  for  McChord  Air  Force  Base,  Washington  was  per¬ 
formed  under  contract  by  the  consulting  firm  of  CH2M  HILL.  The  Phase  I  re¬ 
cords  search  was  initiated  in  March  1982,  and  the  report  was  released  in 
August  1982.  Activities  Included  a  detailed  review  of  pertinent  installation 
records,  contacts  with  26  local  and  regulatory  agencies  which  were  known  or 
suspected  to  have  documents  containing  relevant  Information,  and  interviews 
with  81  former  and  present  base  personnel.  A  review  was  made  of  past  and 
present  industrial  operations  and  waste  management  practices  using  available 
shop  files,  real  property  files,  and  historical  records,  photographs  and  maps. 
The  review  of  waste  management  practices  included  the  identification  and 
evaluation  of  environmental  effects  associated  with  landfills,  solid  or  liquid 
waste  disposal  sites,  burial  sites,  solvent  and  fuel  storage,  and  spill  or 
leak  sites. 

A  ground  survey  of  all  sites  was  undertaken  to  look  for  signs  of  environmental 
degradation  (leachate,  stressed  vegetation,  etc.)  once  potential  hazardous 
waste  sites  had  been  identified  and  inventoried  by  records  search  or  personal 
interviews.  All  identified  and  surveyed  sites  were  cataloged  and  designated 
on  maps.  Geomorphology,  drainage,  soil  condition,  hydrology,  local 

meteorology  and  geology  were  carefully  considered  at  each  site. 

A  site  evaluation  rating  was  performed  to  quantify  and  rate  by  environmental 
health  risk  priority  each  site  wherever  was  observed  or  existed  a  potential 
for  hazardous  waste  release.  This  rating  evaluation  system  was  developed  by 
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DoD  and  is  called  the  Hazardous  Assessment  Rating  Methodology  (HARM).  Like 
other  hazardous  waste  site  rating  models,  the  HARM  model  uses  a  scoring  form 
to  rate  sites  for  priority  attention.  The  model  uses  data  obtained  during  the 
record  search  portion  (Phase  I)  of  the  IRP.  In  assessing  the  hazards  at  a 
given  site,  the  model  develops  a  score  based  on  four  aspects  of  the  hazard 
posed  by  a  specific  site:  (1)  the  possible  receptors  of  the  contamination; 

(2)  the  waste  and  Its  characteristics;  (3)  potential  pathways  for  waste  con¬ 
taminant  migration;  and  (4)  any  efforts  to  contain  the  contaminants.  Each  of 
these  categories  contains  a  number  of  rating  factors  that  are  used  In  the 
overall  hazard  rating. 

Table  1  Is  a  listing  of  62  sites  Identified  on  McChord  AFB  during  the  IRP 
Phase  I  records  search  and  Investigated  for  potential  contamination  and  migra¬ 
tion  hazard.  A  total  of  26  sites  were  Identified  as  suspected  past  or  present 
solid  waste  disposal  areas  containing  Industrial,  domestic,  construction,  and 
possibly  hazardous  wastes.  In  addition,  36  other  sites  were  believed  to  have 
served  as  disposal  pits,  fire  training  areas,  or  spill  sites  of  solvents  and 
similar  liquid  wastes,  fuels,  or  waste  petroleum  products. 

Nineteen  of  the  62  sites  were  found  not  to  be  a  potential  threat  to  the  envi¬ 
ronment  or  public  health  and  safety  In  context  of  regulated  hazardous  wastes 
and  were  not  evaluated  using  the  HARM  rating  model.  The  remaining  43  sites 
were  rated  using  the  HARM  model.  At  the  conclusion  of  the  IRP  Phase  I  records 
search,  the  USAF  Identified  a  potential  for  off-site  migration  of  hazardous 
wastes  at  McChord  AFB  due  In  part  to  permeable  soils,  high  groundwater  levels, 
high  net  annual  precipitation,  and  the  presence  of  surface  waters.  The  Air 
Force  also  recognized  that  because  some  of  the  43  sites  evaluated  have  a 
moderate  to  high  potential  for  contaminant  release  or  migration,  and  because 
In  some  areas  the  sites  are  close  together,  possible  auditive  effects  may 
result  from  combined  contaminant  migration.  As  a  result,  10  general  areas 
were  Identified  as  having  the  highest  potential  for  pollutant  migration. 
Table  2  identifies  these  10  areas,  the  identified  waste  disposal  sites  within 
the  area  designation,  and  their  HARM  total  scores  and  subscores. 

1.4.2  IRP  Phase  II  Areas  of  Concern 

In  August  1982,  the  USAF  Occupational  and  Environmental  Health  Laboratory 
(USAFOEHL)  retained  JRB  Associates,  then  a  division  of  but  now  known  solely  as 

SAIC 
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Table  1 


DISPOSAL  SITE  PRELIMINARY  ENVIRONMENTAL  SUMMARY 
McCHORD  AIR  FORCE  BASE,  WASHINGTON 


Site 

Haste  Type 

Potential  for 
Chemical 
Contamination 

Potential 

for 

Migration 

Numerical 

Rating 

Assigned 

1 

Industrial,  Demolition 

YES 

YES 

YES 

2 

Industrial,  Domestic 

YES 

YES 

YES 

3 

Radioactive 

YES 

NO 

NO 

4 

Rubblah,  Garbage,  Industrial 

YES 

YES 

YES 

5 

Induatrlal,  Domestic,  Construction 

YES 

YES 

YES 

6 

Industrial,  Domestic,  Construction 

YES 

YES 

YES 

7 

Induatrlal,  Domestic,  Construction 

YES 

YES 

YES 

8 

Ash 

NO 

n/a 

NO 

9 

Construction 

NO 

n/a 

NO 

10 

Induatrlal,  Domestic  Construction 

YES 

YES 

YES 

11 

Construction,  Demolition 

NO 

n/a 

NO 

12 

Industrial,  Construction,  Ash 

YES 

YES 

YES 

13 

Industrial,  Domestic,  Construction 

YES 

YES 

YES 

14 

Construction,  Demolition 

NO 

n/a 

NO 

15 

Domestic 

NO 

n/a 

NO 

16 

Miscellaneous  Equipment 

NO 

n/a 

NC 

17 

Industrial,  Demolition 

NO 

n/a 

NO 

18 

Caustic  Soda 

NO 

n/a 

NO 

19 

Domestic,  Demolition 

NO 

n/a 

NO 

20 

Domestic,  Demolition 

NO 

n/a 

NO 

21 

Construction,  Demolition 

NO 

n/a 

NO 

22 

Industrial,  Vehicles,  POL 

YES 

YES 

YES 

23 

Construction,  Demolition 

NO 

n/a 

NO 

24 

Street  Sweepings 

NO 

n/a 

NO 

25 

Street  Sweepings 

NO 

n/a 

NO 

26 

Ordnance,  Rubbish 

YES 

NO 

NO 

27 

Fuel 

YES 

YES 

YES 

28 

Fuel 

YES 

YES 

YES 

29 

Fuel 

NO 

n/a 

NO 

30 

Haste  POL,  Solvents,  Fuel 

YES 

YES 

YES 

31 

Haste  POL,  Solvents,  Fuel 

YES 

YES 

YES 

32 

Fuel 

YES 

YES 

YES 

33 

Fuel 

YES 

YES 

YES 

34 

Fuel,  Sludge 

YES 

YES 

YES 

35 

Radioactive 

YES 

YES 

YES 

36 

POL,  Solvents,  Paints 

YES 

YES 

YES 

37 

Haste  POL,  Solvents,  Fuel 

YES 

YES 

YES 

38 

Haste  POL,  Solvents,  Fuel 

YES 

YES 

YES 

39 

Haste  POL,  Solvents,  Fuel 

YES 

YES 

YES 

40 

Haste  POL 

YES 

YES 

YES 

41 

Fuel 

YES 

YES 

YES 

42 

Fuel 

YES 

YES 

YES 

43 

Haste  POL 

NO 

n/a 

NO 

44 

Haste  POL,  Fuel 

YES 

YES 

YES 

45 

Fuel 

YES 

NO 

NO 

46 

Fuel 

YES 

YES 

YES 

47 

Fuel 

YES 

YES 

YES 

48 

PCP 

YES 

YES 

YES 

49 

Haste  POL,  Solvents,  Fuel 

YES 

YES 

YES 

50 

Haste  POL,  Solvents,  Fuel 

YES 

YES 

YES 

51 

Haste  POL,  Solvents,  Fuel 

YES 

YES 

YES 

52 

Haste  POL 

YES 

YES 

YES 

53 

Haste  POL,  Solvents,  Fuel 

YES 

YES 

YES 

54 

Haste  POL,  Solvents,  Fuel 

YES 

YES 

YES 

r.5 

Haste  POL,  Solvents,  Fuel 

YES 

YES 

YES 

56 

Industrial,  Haste  POL,  Solvents 

YES 

YES 

YES 

57 

Industrial,  Haste  POL,  Solvents 

YES 

YES 

YES 

58 

Industrial,  Haste  POL,  Solvents 

YES 

YES 

YES 

59 

Fuel  Oil 

YES 

YES 

YES 

60 

Haste  POL,  Solvents,  Fuel 

YES 

YES 

YES 

61 

Plating  Haste  Acids 

YES 

YES 

YES 

62 

Placing  Hastes 

YES 

YES 

YES 

n/a  -  Not  applicable  using  decision  tree  logic  for  non-contaminated  waste  or  residue. 
Source:  IRP  Phase  1  Report  by  CH2M  HILL  (1982) 
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Table  2 


SUMMARY  OF  HARM  SCORES  FOR  POTENTIAL  HAZARDOUS  WASTE  DISPOSAL  SITES 
McCHORD  AIR  FORCE  BASE,  WASHINGTON 


site  Degcrlptlon 


_ Subicorei _ 

Watte 

Charac' 

Receptors  taristlca  Pathways 


Waste 

Gross  Hanagenent 
Total  Practices 
Score  Factor 


Science  Applications  International  Corporation  (SAIC),  to  perform  both  a 
Phase  II  presurvey  site  evaluation  and  sampling  deslgn«  In  October  1982,  JRB 
Associates  began  a  Phase  II,  Stage  1  (Confirmation)  Investigation  which  pro¬ 
vided  a  reconnaissance  survey  of  the  highest  priority  sites  to  identify  geo- 
hydrologic  relationships  and  the  presence  of  site  contamination.  The  findings 
of  the  reconnaissance  survey  were  documented  in  a  Phase  II,  Stage  1  report 
dated  June  1983.  These  studies  concluded  that  regional  groundwater  flow  is 
generally  in  a  northwest  direction  but  appears  to  be  divided  into  two  flow 
patterns:  one  flowing  north  beneath  the  industrialized  flightline  and  one 

flowing  westerly  beneath  the  golf  course  and  towards  base  housing.  Neither 
the  spatial  distribution  of  sample  sites  nor  the  frequency  of  sampling  was 
sufficient  to  confirm  the  extent  or  sources  of  contamination  by  fuels,  heavy 
metals,  and  trace  level  pesticide  which  was  found  in  several  areas. 


Eight  of  the  10  high  priority  areas  (Areas  G  and  I  excepted)  have  been  inves¬ 
tigated  to  date  under  the  IRP  Phase  II  program.  Figure  2  identifies  the 
locations  of  these  10  priority  areas  and  the  43  sites  rated  using  the  HARM 
methodology.  A  description  of  each  area  and  a  review  of  findings  presented  in 
the  Stage  1  report  are  as  follows: 

•  Area  A  is  located  in  the  north  central  portion  and  on  either  side  of 
the  main  entrance  to  the  base.  Power  plant  fly  ash,  industrial 
demolition  debris,  and  domestic  refuse  were  burled  in  two  landfills 
west  of  Bridgeport  Way,  the  main  access  road  to  the  base.  Bulk  fuel 
storage  is  located  east  of  the  road.  Fuel  spills,  uncontained 
drainage  of  aircraft  fuel  filters  and  disposal  of  fuel  storage  tank 
bottoms  have  occurred  in  this  area.  Stage  1  investigations  included 
the  construction  of  three  monitoring  wells.  Petroleum  hydrocarbons 
were  found  on  the  water  table  immediately  west  of  the  bulk  fuel  sto¬ 
rage  tanks.  Chemical  characterization  of  the  groundwater  contami¬ 
nants  indicates  that  Area  A  contamination  is  not  related  to  the 
Lakewood  water  supply  problems.  Rather,  the  source  of  the  Lakewood 
Water  contamination  has  been  found  to  be  an  off-base  commercial  dry 
cleaner.  Additional  well  construction  and  groundwater  monitoring 
was  recommended  in  the  Stage  1  report. 

•  Area  B  is  comprised  of  six  liquid  waste  disposal  sites  behind  and 
along  MAC  "B"  ramp  aircraft  maintenance  facilities.  Waste  petro¬ 
leum,  oil  and  other  lubricants  (POL),  spent  solvents,  and  waste  or 
spilled  fuels  are  contaminants  of  concern  in  this  area.  IRP  Phase 
II,  Stage  1  activities  included  the  construction  of  seven  monitoring 
wells  in  the  surface  aquifer  and  one  well  in  the  lower  aquifer. 
Groundwater  contamination  has  been  identified  in  the  wells  closer  to 
Area  C.  Water  table  elevations  in  Area  B  indicate  a  northward  tilt 
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Note:  Sites  1-26  are  landfill  or  waste  dumps 

Sites  27-62  are  liquid  waste  disposal, 
fuel,  or  POL  spills. 

Non-priority  sites  are  not  identified 
on  this  map.  See  IRP  Phase  I  report. 


W  » 


In  the  water  table,  suggesting  a  local  change  from  the  general 
northwest  direction  of  groundwater  flow.  The  Stage  1  report  recom¬ 
mended  confirmatory  groundwater  monitoring. 

•  Area  C  is  comprised  of  seven  sites  related  to  the  spillage  or 
discharge  of  waste  POL,  solvents,  or  fuels.  One  of  the  sites.  Site 
54,  is  an  inactive  aircraft  wash  rack  facility  recently  nominated  by 
the  U.S.  Environmental  Protection  Agency  (EPA)  for  Inclusion  on  the 
National  Priority  List  of  hazardous  waste  sites.  Stage  1  activities 
Included  placement  of  six  groundwater  monitoring  wells  in  the  shal¬ 
low  aquifer  and  one  well  in  the  lower  aquifer.  Weathered  petroleum 
product  was  found  on  the  water  table  in  one  of  the  shallow  aquifer 
wells.  Additional  well  construction  and  confirmatory  groundwater 
monitoring  was  recommended  as  part  of  the  Stage  2  Investigations. 

•  Area  D  contains  several  waste  disposal  sites  west  of  the  Burlington 
Northern  Railroad  (BNRR)  right-of-way.  Three  landfills  are  sus¬ 
pected  of  containing  industrial  and  domestic  wastes,  and  construc¬ 
tion  or  demolition  debris.  At  least  one  site  is  known  to  have 
received  waste  POL,  solvents,  or  fuels.  Additional  sites  not  rated 
by  HARM  Included  numerous  ordnance  disposal  sites  and  ordnance  burn 
pits.  Stage  1  activities  included  the  construction  of  two  monitor¬ 
ing  wells  and  groundwater  sampling,  the  results  of  which  indicated 
heavy  metal  contamination.  The  Stage  1  report  recommended  confir¬ 
matory  testing  for  heavy  metal  contamination,  and  determination  of 
presence  and  possible  source  identification  of  the  chlorinated 
hydrocarbon  problem. 

a  Area  E  consists  of  one  landfill  and  three  liquid  waste  disposal 
sites  along  the  industrial  operations  and  aircraft  facilities  at  the 
south  end  of  the  Instrument  runway.  Stressed  vegetation,  strong 
soil  odors,  and  groundwater  monitoring  during  the  Stage  1  investi¬ 
gations  indicated  contamination  problems.  Confirmatory  monitoring 
was  recommended  for  inclusion  in  any  Stage  2  vork. 

•  Area  F  is  located  east  of  the  runway  and  near  the  confluence  of 
Morey ~ and  Clover  Creeks.  It  is  comprised  of  two  abandoned  fire 
training  burn  sites  where  waste  POL,  solvents,  and  fuel  were  dumped 
into  unlined  pits  and  ignited.  Current  fire  training  exercises  take 
place  within  Area  F  in  a  pit  lined  with  four  inches  of  clay-contain¬ 
ing  materials.  This  area  is  also  near  the  hazardous  cargo  loading/ 
unloading  aircraft  taxiway.  Construction  of  one  monitoring  well  was 
completed  in  the  Stage  1  study.  Groundwater  monitoring  data  indi¬ 
cate  this  area  is  not  impacted  by  surface  contamination. 

•  Area  G  is  located  near  the  base  motor  pool  and  consists  of  several 
waste  disposal  sites  caused  by  small  spills  of  waste  POL  and  fuel. 
This  area  was  not  investigated  in  the  Stage  1  study,  but  does  lie 
between  Areas  A  and  C,  both  of  which  have  groundwater  contamination 
problems  associated  with  fuels  and/or  waste  POL. 

•  Area  H  is  located  east  of  the  north  end  of  the  Instrument  runway  and 
served  as  a  fire  training  area  during  a  17-year  period  beginning  in 
1960.  Waste  JP-4  and  AVGAS  were  used  to  start  approximately 
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24  fires  per  year  in  this  area4  No  Stage  1  studies  were  conducted 
In  this  area  but  recommendations  were  made  for  Its  Inclusion  In 
Stage  2  Investigations  for  purposes  of  at  least  helping  to  define 
groundwater  movement. 

s  Area  I  Is  located  east  of  the  main  runway  and  south  of  Morey  Creek. 
It  contains  two  landfills  suspected  of  containing  Industrial  and 
domestic  solid  wastes,  scrap  vehicles,  and  waste  POL.  No  Stage  1 
Investigations  were  performed  In  this  area. 

»  Area  J  Includes  a  storm  drain  Infiltration  ditch  and  a  wood  preser¬ 
vative  tank  In  the  civil  engineering  yard.  The  IRF  Phase  I  study 

reported  unidentified  quantities  of  waste  materials  Including  waste 
paint,  oil,  fuel,  and  pesticides  have  been  drained  from  the  civil 
engineering  yard.  Pentachlorophenol  (PCP)  wood  preservative  has 
been  found  In  the  soil  beneath  the  tank  (CH2M  HILL,  1982).  No  IRP 
Investigations  were  performed  In  the  Stage  1  studies.  The  recom¬ 
mendation  was  made  In  that  study,  however,  to  place  a  monitoring 
well  In  this  area  to  monitor  groundwater  quality  and  to  support 
evaluation  of  groundwater  flow. 

•  Other  sites  Include  nine  additional  sites  rated  by  HARM  but  not 

Included  In  one  of  the  10  designated  areas.  Site  4  (landfill)  Is 

located  north  of  Base  Housing  and  west  of  Area  A  (see  Figure  2). 
Sites  33  and  58  (waste  POL  or  fuel  spills)  are  located  near  Area  C. 
Fuel  disposal  sites  28  and  32  are  located  near  Areas  F  and  I, 
respectively.  Site  35  (liquid  radioactive  waste)  Is  located  near 
the  Area  0  landfills.  Site  12  (Industrial  wastes  and  coal  fly  ash), 
Site  56  (possible  pesticide  disposal),  and  Site  59  (fuel  spill)  are 
located  In  the  central  area  of  the  tose.  None  of  the  sites  were 
Investigated  In  the  Stage  1  reconnaissance  survey. 


1.4.3  IRP  Phase  II  Field  Activities 

Numerous  geophysical  Investigations  have  been  undertaken  near  or  upon  McChord 
AFB  during  the  IRP  program.  These  studies  have  been  made  to  determine  the 
proximity  of  the  surface  aquifer  water  table  to  the  land  surface,  and  Identify 
the  directions  and  rates  of  groundwater  flow.  In  addition,  they  help  to 
determine  the  presence  and  characteristics  of  a  geologic  unit  which  Is  spati¬ 
ally  extensive  across  the  base  and  may  restrict  the  vertical  exchange  of  water, 
and  thus  perhaps  the  migration  of  chemical  contamination  within  the  surface 
aquifer.  IRP  field  activities  have  included  seismic  refraction  and  electrical 
resistivity  surveys,  simulation  of  surface  spills  using  an  Inorganic  tracer, 
and  extensive  monitoring  of  static  water  table  elevations  In  wells  both 
on-base  and  off-base  to  determine  seasonal  influence  on  groundwater  movement. 
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The  major  emphasis  of  IRP  pollutant  monitoring  activities  at  McChord  AFB  has 
focused  on  the  volatile  aromatic  hydrocarbcin  and  pesticide  fractions.  Also 
studied  were  the  particulate  and  soluble  fractions  of  the  heavy  metals,  and 
the  cyanides,  phenols,  and  the  acid  and  base  neutral  fractions  of  the  priority 
pollutant  scans.  At  least  one  composite  sample  integrated  over  the  total 
water  column  was  obtained  from  all  Stage  1  monitoring  wells.  These  composite 
samples  were  screened  for  all  126  EPA  priority  pollutants. 

1.5  IDENTIFICATION  OF  THE  IRP  PHASE  II  (STAGE  2)  CONFIRMATION/QUANTIFICATION 
INVESTIGATION  TEAM 

Richard  W.  Grelling,  P.E.,  has  served  as  SAIC's  project  manager  and  senior 
engineer  for  all  IRP  Phase  II  investigations  to  date  at  McChord  AFB.  Geophys¬ 
ical  field  and  technical  support  was  provided  by  Dr.  Michael  Feves  of  Founda¬ 
tion  Sciences,  Inc.,  Portland,  Oregon.  Stage  2  small  diameter  monitoring  well 
borings  were  drilled  by  Jim  Clarke  and  Jim  Niederkorn  of  Subterranean,  Inc., 
Sumner,  Washington.  The  large  diameter  borings  for  the  observation/recovery 
wells  were  drilled  by  Richard  Lewis  and  drilling  crews  from  Stang  Hydronics, 
Inc.,  Sumner,  Washington.  Robert  Peshkin,  geologist  from  SAIC's  Bellevue 
office,  supervised  drilling  operations,  logged  soil  samples  and  drill  cut¬ 
tings,  and  led  most  field  activities.  Patt  O' Flaherty,  Leigh  Starlin,  Glynda 
Steiner,  and  Don  Weston,  also  from  SAIC's  Bellevue  office,  participated  in 
well  development,  monitoring,  sample  collection,  and  data  analysis.  All 
samples  were  analyzed  in  SAIC's  Trace  Environmental  Chemistry  laboratory  in  La 
Jolla,  California.  Ms.  Claudia  Wiegand  served  as  coordinator  of  water  samples 
and  laboratory  data  output.  More  complete  biosketches  of  the  project  team  are 
in  Appendix  K.  Finally,  Peter  Dye,  Kim  Spencer,  and  Linda  Wynands  prepared 
graphics  and  were  instrumental  in  the  production  of  this  report. 
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2.0  ENVIRONMENTAL  SETTING 


2.1  PHYSICAL  GEOGRAPHY  AND  METEOROLOGY 

McChord  AFB  Is  located  in  western  Washington  approximately  seven  miles  south 
of  downtown  Tacoma.  The  base  Is  located  on  an  upland  plain  five  miles  east- 
southeast  of  Puget  Sound.  It  Is  triangular  In  shape  and  covers  an  area  of  ap¬ 
proximately  eight  square  miles.  The  major  runway  Is  north-south  and  is  10,100 
feet  In  length.  Stabilized  overruns  extend  the  total  runway  length  to  12,000 
feet.  A  Burlington  Northern  Railroad  right-of-way  easement  in  a  north-south 
alignment  divides  the  base.  All  aircraft  mobilization  and  maintenance  facili¬ 
ties  and  base  administration  and  related  support  facilities  are  located  In  the 
east  section  of  the  base.  Base  housing,  a  golf  course,  and  other  recreational 
space  for  base  personnel  and  their  families  are  to  the  west. 

WateiT  supply  Is  provided  by  base  wells.  All  domestic  sanitary  wastes  and  most 
Industrial  wastewaters  are  collected  and  flow  westward  by  gravity  to  Fort 
Lewis  Military  Reservation  for  secondary  treatment  and  then  are  discharged  to 
Puget  Sound.  Numerous  oil/ water  separators  provide  treatment  of  aircraft  han¬ 
gar  and  maintenance  bay  washdown  wastes  and  fllghtllne  storm  water  runoff. 
For  some  of  the  separator  systems  the  treated  water  Infiltrates  Into  the  soil 
through  drain  fields  or  percolation  pits.  In  selected  Instances  the  treated 
water  Is  discharged  to  surface  streams  In  accordance  with  the  National  Pollu¬ 
tant  Discharge  Elimination  System  (NPDES)  permit  requirements,  or  Is  discharged 
to  the  sanitary  sewers. 

McChord  AFB  Is  within  the  39  square-mile  Clover  Creek  subbasin  of  the  larger 
Clover/Chambers  Creek  drainage  basin  (see  Figure  3).  Clover  Creek  begins  near 
the  town  of  Frederickson  and  flows  west  about  nine  miles  to  McChord  AFB.  Morey 
Creek,  also  called  Spanaway  Creek,  empties  into  Clover  Creek  just  inside  the 
east  base  boundary.  This  creek  Is  the  outlet  for  Spanaway  Lake  and  the  25 
square  mile  Spanaway  Lake  subbasin.  The  combined  streams  pass  beneath  the 
main  runways  via  a  0.6  mile  long  culvert.  Clover  Creek  is  channeled  west  and 
north  across  the  base  and  continues  another  2.6  miles  to  its  outlet  at  the 
southern  end  of  Steilacoom  Lake.  Portions  of  the  west  side  of  McChord  AFB  are 
in  the  American  Lake  subbasin.  Murray  Creek,  originating  in  Kinsey  Marsh 
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Figure  3 


HYDROLOGIC  FEATURES  AND  MAJOR  DRAINAGE  BASINS  IN  THE  AREA  OF 
McCHORD  AIR  FORCE  BASE,  WASHINGTON 
(Source:  Brown  &  Caldwell,  1983) 
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Inside  Fort  Lewis,  is  the  single  surface  stream  In  the  large  but  flat  subbasin. 
Its  short  3.8  mile  channel  empties  into  American  Lake. 

The  climate  at  McChord  AFB  is  Influenced  by  Puget  Sound  and  the  Olympic  and 
Cascade  Mountain  Ranges.  Winter  temperatures  seldom  drop  below  freezing  while 
summer  temperatures  generally  remain  below  80®F.  The  average  frost-free  grow¬ 
ing  season  Is  about  250  days.  Mean  annual  precipitation  Is  approximately  39 
Inches  per  year  with  two-thirds  of  the  yearly  rainfall  occurring  between 
October  and  March.  Frequent  winter  rainfalls  combine  with  the  low  seasonal 
evaporation  potentials  resulting  In  Increased  surface  runoff  and  aquifer 
recharge.  Annual  evapotransplratlon  Is  estimated  to  be  20  inches  annually  at 
the  Puyallup  Experiment  Station  approximately  10  miles  east  of  the  base  (CH2M 
HILL,  1982).  Assuming  that  the  soil  capacity  at  McChord  AFB  ranges  from  six 
Inches  to  two  Inches,  and  based  on  annual  average  precipitation.  It  Is  esti¬ 
mated  that  13  to  17  Inches  of  net  annual  precipitation  Inflltra  .’s  to  ground- 
water  . 


2.2  PHYSICAL  GEOLOGY  AND  HYDROGEOLOGY 

McChord  AFB  is  located  in  Pierce  County  In  the  central  part  of  the  Puget  Sound 
Lowland  physiographic  province  of  western  Washington.  The  Puget  Lowland  Is  a 
long,  narrow  north-south  trending  structural  lowland  In  a  broad  young  downwarp 
between  the  Cascade  and  Coast  Range  uplifts.  Structurally,  the  basin  Is  a 
complex  system  of  Cenozolc  folds  and  faults  that  trend  perpendicular  to  the 
regional  downwarp  (McKee,  1972). 

The  base  Is  located  on  a  flat  local  upland  (called  Tacoma  Upland)  which  drops 
steeply  Into  Puget  Sound  to  the  west  and  northwest.  Base  topography  Is  flat 
with  a  mean  elevation  of  about  300  feet  above  mean  sea  level  (MSL).  The  major 
relief  features  are  till  drumlins  left  by  the  last  glacier  which  covered  this 
area  some  15,000  years  ago.  Representative  of  these  till  drumlins  Is  a  clus¬ 
ter  of  three  hills  in  the  southwest  corner  of  the  base  which  attain  elevations 
of  approximately  360  feet  above  MSL.  Minor  relief  features  Include  a  20-foot 
high  esker  that  runs  along  Clover  Creek  In  the  center  of  the  base. 

Clover  Creek  and  Morey  Creek  serve  as  principal  water  courses  for  surface 
runoff.  Both  streams  provide  recharge  to  groundwater.  Stream  levels  rise 
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three  to  five  feet  in  the  winter,  but  they  lower  to  slow-moving  water  courses 
during  dry  weather.  The  regions  between  drainage  systems  are  broad  and  flat, 
resulting  in  little  or  no  surface  drainage  and  high  infiltration  of  precipita¬ 
tion.  The  region  receives  an  average  of  38.8  inches  of  precipitation  per  year. 
Almost  all  of  it  falls  as  rain.  Precipitation  is  the  major  source  of  ground- 
water  recharge.  With  the  average  rainfall  being  relatively  high  for  the  Puget 
Sound  area,  infiltration  can  cause  rapid  fluctuations  in  the  water  tables. 
The  magnitude  of  these  changes  has  been  observed  to  vary  a  few  inches  to  more 
than  two  feet  in  48  hours  near  leach  pits  which  drain  flightline  runoff.  On  a 
seasonal  basis,  wet  weather  water  tables  may  be  two  to  five  feet  higher  than 
the  dry  season  water  tables  (JRB  Associates,  1983). 

The  geology  of  the  Puget  Sound  Lowland  has  been  influenced  by  many  complex 
geologic  processes  over  a  long  period  of  time.  For  the  purposes  of  this 
report  we  will  only  be  concerned  with  the  Pleistocene  Epoch,  that  period  of 
time  from  2.5  million  to  11,000  years  ago.  Pleistocene  geology  of  the  Puget 
Lowland  has  been  influenced  by  the  advance  and  retreat  of  several  glaciers 
from  the  continental  ice  sheets.  The  northern  part  of  the  North  American 
continent  was  covered  by  ice  sheets  at  least  four  times  in  the  Pleistocene 
Epoch.  The  last  great  tongue  of  ice  that  spread  south  across  the  Puget  Lowland 
is  known  as  the  Puget  Lobe  (McKee,  1972).  The  advances  and  retreats  of  the 
Puget  Lobe  deposited  thick  sequences  of  sediments  in  the  Puget  Lowland.  As 
much  as  2,000  feet  of  a  varying  assortment  of  till,  outwash,  sand  and  gravel 
has  been  deposited  in  the  vicinity  of  McChord  AFB  (Hall  et  al.,  1974).  The 
typical  glacial  sequence  is  recessional  outwash  overlying  compacted  till  which 
overlies  advance  outwash.  Advance  outwashes  are  deposited  in  front  of  a  grow¬ 
ing  glacier  and  recessional  outwashes  are  deposited  behind  a  receding  glacier. 

Outwash  deposits  are  generally  composed  of  poorly  sorted  gravels  and  sands. 
Where  glacial  meltwaters  are  abundant,  however,  sorting  of  sediments  will 
occur  such  that  coarse  materials  are  deposited  adjacent  to  the  toe  of  the 
glacier  while  finer  materials  are  transported  away  from  the  margin  of  the 
glacier.  These  smaller  materials  are  sorted  by  size  and  specific  gravity,  and 
then  deposited  when  the  water  velocity  can  no  longer  carry  the  particulate 
material  either  in  suspension  or  as  bedload  transport.  Glacial  till,  mean¬ 
while,  is  an  unsorted  mixture  of  sand,  gravel  and  clay  which  is  deposited 
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directly  by  and  underneath  a  glacier  without  being  reworked  by  meltwater. 
During  the  next  glacial  episode,  great  pressures  exerted  by  the  overriding  Ice 
sheet  compress  the  till  deposits  until  they  become  very  dense.  The  till 
becomes  very  much  like  concrete  In  appearance  and  structual  properties,  and  It 
has  a  very  low  permeability  to  water. 


The  geologic  units  of  concern  at  McChord  AFB  are  glacial  In  origin.  These 
units  Include  the  surface  alluviums,  outwash  gravels,  cemented  glacial  till, 
and  two  underlying  sand  units  separated  by  a  blue  clay  lens.  It  Is  within 
the  glacial  deposits  containing  coarse  sands  and  gravels  that  most  local 
aquifers  exist.  The  various  geologic  units  encountered  beneath  McChord  AFB 
are  further  defined  as  follows: 


•  Quarternary  Alluvium  -  The  ground  surface  at  the  McChord  AFB  Is 
typically  mantled  with  a  deposit  of  Spanaway  gravelly  sandy  loam. 
The  loam  mantle  Is  missing  In  several  areas,  most  frequently  n 
result  of  human  activities.  This  surface  unit  Is  loose  and  Is 
generally  very  permeable.  This  material  will  allow  the  rapid  Infil¬ 
tration  of  precipitation  or  other  liquids  Into  the  underlying  sub¬ 
surface  materials. 

•  Stellacoom  Glacial  Outwash  Deposits  -  The  quarternary  alluvium  Is 
underlain  by  Stellacoom  gravels.  These  were  deposited  In  large 
glacial  meltwater  streams  or  drainage  from  glacial  Lake  Puyallup 
that  flowed  westward  across  the  area  during  the  retreat  of  the  Puget 
Ice  Lobe  (Walters  and  Klmmel,  1968).  This  unit  can  be  typically  de¬ 
scribed  as  gravel;  or  gravel,  cobbles,  and  boulders  with  lesser 
amounts  of  brown  sand,  silt  and  clay  forming  an  unconsolidated 
matrix.  Drilling  records  and  exposed  outcrops  of  this  unit  reveal 
that  the  unit  Is  stratified  and  that  sand-dominant  layers  and  clay 
lenses  are  present.  The  relative  densities  Indicated  by  the 
N-values  (standard  penetration  resistance)  on  boring  logs  also 
testify  to  the  variable  nature  of  this  unit.  The  lateral  extent  of 
the  sand  and  silt  units  Is  not  widespread.  The  vertical  and  hori¬ 
zontal  permeability  of  this  unit  Is  high  In  most  locations;  however, 
the  migration  route  of  percolating  water  or  horizontal  flow  of 
groundwater  could  be  tortuous.  Perched  water  tables  contained  by 
layers  of  clay  and  silt  possessing  low  permeability  can  be  expected 
to  be  very  local  due  to  the  limited  lateral  extent  of  any  such 
units. 

•  Vashon  Till  -  Frequently  underlying  the  glacial  outwash  material  is 
the  glacial  till.  The  till  can  be  described  as  lodgement  till  In 
that  Its  structure  is  deposltlonal  In  character.  This  unsorted 
mixture  of  clay,  silt,  sand,  gravel,  cobbles  and  boulders  was 
overridden  by  the  advancing  ice  sheet  and  compacted  by  Its  weight. 
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The  till  is  grey  to  brovm  and  has  the  general  appearance  and  char¬ 
acteristics  of  concrete.  This  unit  is  characterized  by  its  high 
density.  The  N-values  of  this  material  are  typically  greater  than 
100.  This  dense,  thick  unit  creates  resistance  for  vertical  and 
horizontal  groundwater  and  contaminant  flow.  In  this  respect  the 
till  becomes  an  important  geohydrologlc  unit  beneath  McChord  AFB 
because  it  affects  groundwater  movement  in  both  a  vertical  and 
horizontal  direction.  In  the  absence  of  discontinuities  or  frac¬ 
tures,  the  till  unit  serves  as  a  relatively  impermeable  barrier  to 
the  flow  of  water. 

Silt  is  generally  the  dominant  constituent  in  the  tills,  even  though 
variations  in  comr/onents  range  from  gravel-rich  to  clay-rich  zones. 
Some  of  these  zones  appear  to  have  some  restricted  lateral  extent. 
Numerous  clean  ’’and  and  gravel  layers  have  been  encountered  within 
the  lodgement  till  in  the  borings  completed  in  the  northwest  corner 
of  the  base,  in  the  Ponders  Corner  area  of  Lakewood  and  in  the 
American  Lake  Garden  Tract  (JRB  Associates,  1983;  Ecology  and 
Environment  1984).  These  relatively  permeable  deposits,  which  would 
probably  be  considered  minor  lenses  of  outwash  within  the  relatively 
impervious  lodgement  till,  have  low  water  yields. 

•  Esperance  Formation  -  The  Esperance  Formation,  also  called  the 
Colvos  sand,  can  be  considered  an  advance  deposit.  This  fine¬ 
grained  sand  unit  lies  beneath  the  Vashon  Till  and  is  laterally 
continuous  across  much  of  Central  Pierce  County  (Brown  and  Caldwell, 
1983).  Permeability  is  high  in  this  material.  The  Esperance  Forma¬ 
tion  is  encountered  in  all  water  supply  and  monitoring  wells  on 
McChord  AFB  which  penetrate  through  the  Vashon  Till.  The  Esperance 
sand  unit  serves  as  the  principal  water  supply  aquifer  for  McChord 
AFB,  the  adjacent  Lakewood  Water  District  supply  Wells  H-1  and  H-2, 
Fort  Lewis  Military  Reservation,  and  numerous  other  public  and 
private  supply  wells.  The  upper  surface  of  the  Esperance  Formation 
is  frequently  encountered  70  to  100  feet  below  the  ground  surface. 
The  sand  unit  has  been  measured  to  be  as  thick  as  150  feet.  Ideally 
suited  as  a  major  aquifer,  it  is  susceptible  to  pollution  from  the 
ground  surface  through  fractures  or  discontinuities  within  or 
absence  of  the  Vashon  Till. 

e  Lawton  Formation  -  The  Esperance  sand  unit  is  underlain  by  a  blue 
clay  layer  approximately  180  to  200  feet  below  the  ground  surface. 
The  clay  layer  is  believed  to  have  been  deposited  in  the  proglacial 
lake  formed  when  the  advancing  glacier  dammed  the  north  end  of  the 
Puget  Sound  Lowland  (Brown  and  Caldwell,  1983).  This  clay  layer  was 
found  to  be  two  to  four  feet  thick  in  two  borings  at  the  north  end 
of  McChord  AFB  during  the  IRP  Phase  II  (Stage  1)  drilling  program 
(JRB  Associates,  1983).  Its  presence  has  also  been  confirmed  in 
water  supply  wells  in  the  central  and  west  areas  of  McChord  AFB,  and 
in  numerous  borings  throughout  the  region.  This  clay  unit  may  act 
as  a  contaminant  migration  boundary. 

e  Kitsap  Formation  -  The  Kitsap  Formation  has  been  observed  beneath 
the  blue  clay  layer.  This  unit  consists  primarily  of  sandy  silt 
with  scattered  layers  or  lenses  of  gravelly  clay  and  sand.  The 
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Kitsap  Formation  Is  reported  as  being  composed  of  beds  of  fluvial 
and  marsh  facies  deposited  during  the  Pleistocene  Epoch.  The  Kitsap 
Formation  Is  recognized  In  the  project  area  by  the  yellowish-orange 
oxidation  of  the  slits  and  gravels  (Walters  and  Klmmel,  1968).  Pump 
tests  on  this  formation  In  nearby  wells  found  It  to  have  a  low  yield 
(<200  gpm)  (Robinson  and  Roberts,  1959).  The  McChord  AFB  IRP  Phase 
I  report  Indicates,  however,  that  many  public  water  supply  wells  In 
the  formation  are  capable  of  producing  greater  than  300  gpm  (CH2M 
HILL,  1982).  Only  two  wells  In  the  McChord  AFB  IRP  Phase  II  (Stage 
1)  Investigations  were  drilled  deep  enough  to  encounter  this  forma¬ 
tion  (JRB  Associates,  1983). 

Findings  from  the  Phase  II,  Stage  1  Investigation  Indicate  that  two  water-bear¬ 
ing  zones  exist  within  the  upper  225  feet  beneath  McChord  AFB.  The  water¬ 
bearing  zone  closest  to  the  ground  surface  Is  within  the  Stellacoom  outwash 
material.  Permeability  of  this  unit  varies  laterally,  but  In  general  It  can 
be  considered  to  be  high.  The  other  Important  water-bearing  unit  Is  the 

Esperance  sand  located  just  below  the  Vashon  Till  or  the  Stellacoom  outwash. 

Esperance  sands  have  been  encountered  throughout  the  study  area  at  a  depth  of 
70  to  180  feet.  It  Is  suggested  by  the  equivalent  hydrostatic  head  encountered 
In  the  sand  and  outwash  units  during  drilling  that  these  two  water-bearing 
units  are  part  of  the  same  aquifer  and  thus  Interconnected. 

Regional  water  table  maps  Indicate  that  groundwater  In  the  area  of  McChord  AFB 

flows  to  the  west  and  northwest  under  a  gradient  of  10  ft/mlle  (Griffin  et 

al.,  1962).  Figure  4  Illustrates  the  direction  of  groundwater  flow  in  the 
shallow  aquifer  based  on  static  water  level  elevations  In  wells  constructed  In 
either  the  glacial  advance  or  recessional  outwashes.  The  map  suggests  that 
groundwater  approaches  McChord  AFB  from  the  southeast  and  leaves  the  base  not 
only  on  the  northwest  side,  but  with  flow  vectors  to  the  west  and  to  the  north. 

In  general,  the  single  most  predominant  geologic  feature  which  Influences 
groundwater  flow  in  both  the  vertical  and  horizontal  directions  is  the  shape 
and  structure  of  the  Vashon  Till.  Based  upon  drilling  logs  kept  during  the 
IRP  Phase  II,  Stage  1  drilling  operations,  the  elevation  of  the  top  of  the 
Vashon  Till  varies  across  McChord  AFB.  A  contour  map  of  the  till  unit  surface 
was  developed  from  geologic  data  obtained  from  that  Investigation,  the  well 
logs  from  10  wells  drilled  for  the  U.S.  EPA  on  and  near  the  base  (Wolf  and 
Boateng,  1983),  and  the  logs  of  nine  preexisting  domestic  and  irrigation  water 
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POTENTIOMETRIC  MAP  OF  THE  SHALLOW  GROUNDWATER  SYSTEM  NEAR  S 

McCHORD  AIR  FORCE  BASE,  WASHINGTON  y 

(Source:  Brovm  &  Caldwell,  1983)  ■ 
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supply  wells.  Based  upon  the  above  well  logs,  the  surface  elevation  contours 
of  the  top  of  the  till  surface  as  hypothesized  In  June  i983  are  shown  In 
Figure  5.  The  figure  also  presents  a  conceptualization  of  groundwater  table 
contours  as  measured  In  January  1983  and  how  those  contours  are  Influenced  by 
the  glacial  till  unit. 

The  configuration  of  the  top  of  the  till  Is  Irregular  as  Is  typical  of  a  ground 
moraine.  A  relatively  flat  subsurface  "high”  exists  in  the  central  part  of 
the  base  trending  approximately  north-northwest.  This  "high"  area  slopes 
gently  down  to  the  east  and  west  with  a  disruption  of  the  contours  in  the 
western  portion  of  the  base.  The  north  trending  Porter  Hills  and  Westcott 
Hills  are  probably  composed  of  the  Impermeable  Vashon  Till  material.  The 
hills  are  erosion  resistant  remnants  which  provide  about  60  feet  of  relief  to 
the  western  portion  of  the  base.  Westcott  Hills  and  Porter  Hills  are  separated 
by  a  low  flat  area  near  the  Base  Housing  Gate  through  which  runs  Lincoln  Boule¬ 
vard.  Clover  Creek  has  cut  Its  course  across  recessional  outwash  and  glacial 
till  north  of  Porter  Hills.  The  north  trending  ridge  of  Impermeable  till  that 
extends  across  much  of  McChord  AFB  may  represent  a  barrier  to  westward  ground- 
water  flow  except  through  the  two  flat  plains  just  described. 

2.3  GROUNDWATER  QUALITY 

The  suburban  population  in  the  Clover/Chambers  Creek  basin  is  one  of  the  lar¬ 
gest  unsewered  populations  In  the  United  States.  Sewage  disposal  for  most  of 
the  residential  and  commercial  properties  Is  presently  accomplished  through 
subsurface  disposal,  almost  all  of  which  is  via  septic  tanks.  The  gravelly 
soil  found  throughout  much  of  the  basin  readily  accepts  septic  tank  effluents. 
However,  the  pollutant  retention  or  treatment  capability  of  gravelly  soils  is 
limited.  As  a  consequence,  water  quality  problems  due  in  part  to  subsurface 
wastewater  disposal  are  documented  in  state  records  as  long  ago  as  1939  (Brown 
and  Caldwell,  1983). 

Numerous  attempts  to  Institute  sewerage  systems  were  made  but  the  lack  of  putr 
lie  interest  and  financial  support  precluded  most  design  and  any  construction. 
A  comprehensive  sewer  system  plan  was  Initiated  in  1969,  however,  and  a  1971 
ban  on  septic  tank  construction  by  the  Washington  Department  of  Ecology  (WDOE) 
with  the  resultant  moratorium  on  new  home  or  business  development  increased 
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voter  awareness  to  groundwater  contamination  problems.  Finally,  In  1973  the 
public  approved  the  formation  of  a  utility  local  Improvement  district  (ULID) 
and  ULID  73-1  was  created. 

ULID  73-1  is  located  primarily  to  the  north  and  east  of  McChord  AFB.  Sewers, 
interceptors,  and  a  regional  wastewater  treatment  plant  have  been  under  con¬ 
struction  for  almost  10  years.  Approximately  50,000  people  live  within  the 
ULID  and  are  presently  served  by  septic  tanks  and  dralnflelds.  Figure  6  shows 
portions  of  ULID  73-1  and  the  areas  scheduled  for  sewer  service,  plus  known 
industrial  or  community  septic  tank  systems  and  sites  of  significant  historical 
and  active  solid  or  liquid  waste  disposal  or  spills.  Many  of  these  septic  sys¬ 
tems  could  be  contributing  to  groundwater  contamination  by  conventional  organ¬ 
ics,  nutrients.  Inorganic  salts,  and  chlorinated  organics.  Tomson,  et  al., 
(1983)  performed  studies  of  septic  tank  effluents  and  the  contamination  of 
groundwater  by  chlorinated  solvents  and  hydrocarbons.  Chlorinated  compounds 
were  detected  200  feet  away  from  the  dralnflelds  In  gravelly  and  sandy  soils 
even  though  more  than  90  percent  of  the  volatile  compounds  were  degraded  In 
the  septic  tank.  By  early  1986,  most  of  the  septic  systems  within  the  ULID 
73-1  service  area  will  have  been  disconnected,  and  c'-mercial  and  residential 
wastewaters  will  be  routed  to  the  regional  treatm.^>nt  facilities  above  the 
shores  of  Puget  Sound  approximately  four  mlle.i  no.'i^west  of  McChord  AFB. 

More  recent  studies  confirmed  wldesprea<  low  level  contamination  of  ground- 
water  by  conform  bacteria,  phosphates,  ch '.des ,  and  nitrate-nitrogen 
(Littler,  et  al.,  1980).  The  greatest  Incidence  of  bacterial  contamination 
has  occurred  In  residential  areas  south  and  east  of  Spanaway,  approximately 
five  miles  southeast  of  the  base  and  hydraulically  upgradient  (Littler,  et 
al.,  1981).  Bacterial  contamination  was  also  found  in  the  southeast  and 
northeast  corners  of  the  American  Lake  Garden  Tract  (TPCHD,  1984).  Phosphate 
concentrations  greater  than  0.5  mg/1  were  found  In  groundwaters  beneath  the 
northern  one-third  of  the  base  and  northeast  of  McChord  AFB.  Figure  7  graphi¬ 
cally  displays  phosphorus  concentrations  of  local  groundwaters.  Chloride 
concentrations,  however,  are  less  pronounced  beneath  and  west  of  McChord  AFB 
than  In  groundwaters  to  the  south,  east,  or  north  where  dissolved  chloride 
concentrations  generally  exceed  10  mg/1  and  In  selected  wells  exceed  20  mg/1 
Including  some  in  the  Lakewood/  Ponders  Corner  area.  Finally,  nitrate-nitrogen 
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Figure  6 


LOCATION  OF  MAJOR  SEPTIC  SYSTEMS  AND  SITES  OF  SIGNIFICANT 
SOLID  OR  LIQUID  WASTE  DISPOSAL  OR  SPILLS  NEAR 
McCHORD  AIR  FORCE  BASE,  WASHINGTON 
(Source;  Brown  &  Caldwell,  1983) 
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SCALE  in  MILES 


Figure  7 


CONCENTRATION  ISOPLETHS  FOR  PHOSPHATE-PHOSPHORUS  IN  GROUNDWATER  NEAR 
McCHORD  AIR  FORCE  BASE,  WASHINGTON 
(as  measured  November  1980  through  February  1981) 

(Source:  CH2M  HILL,  1982,  as  based  upon  Littler  et  al,,  1981) 
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appears  to  correlate  with  dissolved  chlorides  and  ranges  from  2.2  to  more  than 
5  mg/1  in  groundwaters  east  and  north  of  McChord  AFB  and  in  the  American  Lake 
Garden  Tract.  Figure  8  presents  a  distribution  of  groundwater  monitoring 
stations  in  the  vicinity  of  McChord  AFB  which  have  confirmed  nitrate-nitrogen 
and  dissolved  chloride  contamination.  The  sources  of  these  contaminants  are 
believed  to  be  primarily  residential  wastes  disposed  through  septic  systems. 

Groundwater  contamination  near  McChord  AFB  by  organic  pollutants  was  Indicated 
in  the  1980-1981  water  quality  survey  by  Littler,  et  al.  (1981).  A  total  of 
18  full  scans  of  organic  priority  pollutants  were  tested  in  groundwaters 
throughout  the  Clover/Chambers  Creek  drainage  basin.  An  additional  six  tests 
were  made  of  surface  waters.  Four  groundwater  samples  and  two  surface  water 
samples  contained  confirmed  concentrations  of  organic  contaminants.  Ground- 
water  in  Well  H-1  belonging  to  the  Lakewood  Water  District  was  the  only  sample 
of  six  with  confirmed  contamination  to  be  near  McChord  AFB.  This  sample  was 
analyzed  by  EPA  Region  10  chemists  and  was  found  to  contain  61  ug/1  of  1,2- 
trans-dlchloroethylene,  less  than  10  ug/1  trichloroethylene,  and  18  ug/1  tetra- 
chloroethylene  (Littler,  et  al.,  1981). 

The  Lakewood  Water  District  Wells  H-1  and  H-2  became  a  designated  site  on 
EPA's  National  Priority  Listing  based  upon  subsequent  testing  and  confirmation 
of  chlorinated  organics  contamination  (see  Figure  9).  Beginning  in  late  1981, 
the  EPA,  with  contractor  support,  installed  more  than  20  monitoring  wells  in 
the  area,  including  three  on  McChord  AFB  (Wolf  and  Boateng,  1982).  Figure  9 
identifies  the  location  of  these  wells.  A  review  of  aerial  photographs  taken 
between  1941  and  1982  identified  three  landfill  or  surface  disposal  sites  on 
McChord  property  within  a  2,000-foot  radius  of  the  pumphouse  containing  Wells 
H-1  and  H-2  (Dabney,  1982).  These  sites  were  identified  as  potential  sources 
of  the  chlorinated  organic  contaminants.  Pump  tests  and  analysis  of  the 
groundwater  drawdown  in  all  of  the  monitoring  wells  suggested,  however,  that 
the  major  zone  of  recharge  was  to  the  northeast  of  the  pumphouse. 

A  search  and  inventory  of  commercial  and  industrial  activities  in  the  area 
ultimately  led  to  the  discovery  of  a  commercial  dry  cleaning  establishment 
which  had  been  disposing  waste  solvents,  Including  tetrachloroethylene, 
through  its  septic  tank  and  drain  field.  This  commercial  inventory,  together 
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Figure  8 


GROUNDWATER  MONITORING  SITES  IN  THE  VICINITY  OF 
McCHORD  AIR  FORCE  BASE,  WASHINGTON 
WITH  ELEVATED  CONCENTRATIONS  OF  DISSOLVED 
CHLORIDE  AND  NITRATE-NITROGEN 
(Source;  Brown  &  Caldwell,  1983) 
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with  the  more  comprehensive  Industrial  records  search  conducted  for  the  Tacoma- 
Pierce  County  Health  Department  (TPCHD)  shown  on  Figure  10,  Identified  more 
than  30  activities  east  and  west  of  McChord  AFB  which  use  chlorinated  solvents 
and  other  potentially  hazardous  materials  in  their  work  activities  (Brown  and 
Caldwell,  1983).  The  EPA  has  continued  to  provide  technical  assistance  to  the 
water  district  and,  under  the  Superfund  program,  has  Installed  two  forced  air 
stripping  towers  adjacent  to  the  pumphouse  (Shilling,  1985). 

In  response  to  complaints  of  deteriorating  water  quality,  the  TPCHD  conducted 
a  survey  of  domestic  water  supplies  In  the  American  Lake  Garden  Tract  and 
found  several  homes  with  groundwater  contaminated  by  low  molecular  weight 
chlorinated  organics,  primarily  trichloroethylene  and  1 ,2-tran8-dichloro- 
ethylene.  The  U.S.  EPA  responded  to  these  findings  in  late  1983  by  conducting 
field  investigations  which  Included  the  construction  of  17  monitoring  wells  in 
eight  separate  locations  (refer  to  Figure  9).  The  wells  were  screened  In 
zones  of  contamination  detected  by  organic  vapor  analyzer  (OVA)  instrumenta¬ 
tion,  or  In  distinct  water  bearing  units  separated  by  glacial  till  (Aldls, 
1983).  This  investigation  was  undertaken  simultaneously  with  a  portion  of  the 
IRP  Phase  II,  Stage  2  Investigations  presented  herein.  Based  upon  the  distri¬ 
bution  of  contaminants  and  an  apparent  groundwater  gradient  extending  from  the 
northeast  corner  of  the  Garden  Tract  to  wells  located  west  of  center,  the  EPA 
concluded  that  groundwater  flows  west  across  the  American  Lake  Garden  Tract  and 
that  the  source  of  groundwater  contaminants  Is  probably  on  Air  Force  property. 

Without  admitting  any  wrongdoing  or  knowledge  of  a  contaminant  source,  the  Air 
Force,  as  an  interim  measure  to  protect  the  public  health.  Is  currently  supply¬ 
ing  bottled  water  for  drinking  purposes  to  anyone  In  the  American  Lake  Garden 
Tract  requesting  such  service.  The  U.S.  Army  is  conducting  on-site  Investiga¬ 
tions  to  the  south  and  west  of  the  residential  area  to  confirm  the  presence 
and  type  of  volatile  organic  groundwater  contaminants  (McMaster,  et  al.,  1983; 
Miller,  1984).  Since  April  1984,  the  Air  Force  has  been  conducting  quarterly 
sampling  and  volatile  organic  chemical  analysis  of  domestic  water  supplies  in 
the  American  Lake  Garden  Tract.  In  part  a  result  of  these  monitoring  efforts, 
a  second  area  of  elevated  chlorinated  organics  has  been  detected  at  the  west 
end  of  the  American  Lake  Garden  Tract  (Blnovi,  1984;  Miller,  1985). 
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SCALE  IN  MILES 
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Figure  10 

COMMERCIAL  AND  INSTITUTIONAL  ACTIVITIES  NEAR  McCHORD  AFB 
WHICH  MAY  USE  AND  DISPOSE  OF  HAZARDOUS  MATERIALS 
(Source:  Brown  &  Caldwell,  1983) 


2. A  SURFACE  WATER  QUALITY 

Surface  water  quality  In  the  Clover/ Chambers  Creek  drainage  basin  Is  notably 
Influenced  by  land  use  practices  and  to  a  lesser  extent  by  groundwater  dis¬ 
charge.  Many  stretches  of  the  creek  have  been  artificially  channeled.  Poten- 
tlometrlc  surface  maps  Indicate  that  throughout  most  of  Its  length  Clover 
Creek  Is  a  discharge  zone  for  the  basin's  shallow  groundwater  system  (Brown 
and  Caldwell,  1983).  Llttler,  et  al.  (1981)  report  that  turbidity  and  total 
dissolved  solids  In  Clover  Creek  vary  widely  along  13  water  sampling  stations. 
Nitrate-nitrogen  at  concentrations  capable  of  accelerating  eutrophication  was 
measured  In  Clover  Creek.  Collform  bacteria  concentrations  In  Clover  Creek 
generally  exceeded  the  Class  A  standard  of  100  colonies  per  100  ml.  This  con¬ 
tamination,  plus  elevated  chloride  concentrations  and  previously  discussed 
observations  on  elevated  turbidity  and  solids,  suggest  adverse  Impacts  from 
urban  runoff.  The  concentrations  of  dissolved  constituents  measured  In  Clover 
Creek  relative  to  other  parts  of  the  drainage  are  suggestive  of  Inputs  from 
septic  tank  or  dralnfleld  leachate. 

Storm  water  management  Includes  a  number  of  alternative  disposal  methods  In 
the  area  of  McChord  AFB.  In  addition  to  conventional  collection  and  direct 
discharge  to  Clover  Creek,  stormwater  recharge  methods  have  been  widely  uti¬ 
lized  for  disposal  of  surface  runoff  because  of  the  highly  permeable  nature  of 
the  gravelly  soils.  The  recharge  facilities  which  have  been  constructed 
Include  dry  wells,  percolation  basins,  French  drains,  porous  pipe,  or  simply 
natural  depressions  where  seepage  occurs  (see  Figure  11).  The  Phase  I  records 
search  reports  that  Air  Force  Industrial  wastes  were  frequently  discharged  to 
Clover  Creek  through  the  storm  sewer  outfalls  during  the  19A0s,  1950s,  and 
1960s  (CH2M  HILL,  1982).  This  practice  was  discontinued  In  the  1970s  and  no 
direct  connections  between  base  industrial  operations  and  Clover  Creek  are 
known  to  presently  exist. 

2.5  WILDLIFE  HABITAT  AND  SPECIES 

The  grounds  of  McChord  AFB  and  Fort  Lewis  to  the  south  Include  numerous  habi¬ 
tat  types  for  aquatic  and  terrestrial  wildlife  species.  Abundant  precipita¬ 
tion  and  moderate  temperatures  throughout  the  year  result  In  dense  forests  of 
Douglas  Fir  (Pseudotsuga  menzlesll) ,  Pacific  red  cedar  (Thuja  pllcata) ,  and 
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Figure  11 


KNOWN  STORMWATER  RECHARGE  FACILITIES  NEAR 
McCHORD  AIR  FORCE  BASE,  WASHINGTON 
(Source:  Brown  &  Caldwell,  1983) 
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western  hemlock  (Tsuga  heterophylla) .  A  portion  of  this  region  within  the 
Tacoma  upland,  however,  is  better  drained  and  thus  exhibits  drier  conditions. 
This  area  is  better  known  as  the  Tacoma  Prairie.  Clusters  of  gary  oak  (Quer- 
cus  garryana)  are  common  throughout  this  prairie  habitat.  Along  the  lowlands 
and  ravines  throughout  are  stands  of  black  cottonwoods  (Populus  trichocarpa) , 
willows  (Sallx  sp.)  and  alder  (Alnus  sp.). 

The  land  within  McChord  AFB  and  to  the  south  near  Fort  Lewis  include  numerous 
habitat  types  for  aquatic  and  terrestrial  wildlife  species.  Fish  present  in 
this  area  Include  both  native  and  Introduced  species.  Clover  and  Morey  Creeks 
on  McChord  AFB,  and  Murray  Creek  on  Fort  Lewis,  are  inhabited  by  several 
native  species  including  cutthroat  trout  (Salmo  clarki),  three-spine  stickle¬ 
back  (Gasterosteus  aculeatus),  suckers  ( Catos tomus  sp.),  sculpin  (Cottus  sp.), 
western  brook  lampreys  (Lampetra  richardsoni) .  and  redside  shiner  (Richard- 
sonius  balteautus) .  A  culvert  beneath  the  bridge  at  Stellacoom  Boulevard 
represents  the  limit  of  anadromous  fish  passage  and  thus  precludes  the  pre¬ 
sence  of  coho  salmon  (Oncorhynchus  klsutch)  and  steelhead  (Salmo  gairdneri)  on 
McChord  AFB.  Introduced  fish  in  the  streams  or  ponds  of  the  study  area 
Include  rainbow  trout  (£.  gairdneri)  and  yellow  perch  (Perea  flavescens) . 

Both  McChord  AFB  and  especially  the  wetlands  of  Fort  Lewis  provide  ample  habi¬ 
tat  for  nesting  and  migratory  waterfowl.  Nesting  species  regularly  observed 
in  these  aquatic  habitats  include  Mallard  (Anas  platyrhynchus) ,  American 
Widgeon  (A.  americana) ,  Canada  Goose  (Branta  canadensis) ,  and  Wood  Duck  (Alx 
sponsa) .  This  area  is  particularly  important  for  migratory  and  overwintering 
waterfowl  which  include  American  Widgeon  (A.  americana) ,  Ring-necked  Duck 
(Aythya  collarls) ,  Bufflehead  (Bucephala  albeola) ,  Pintail  (A.  acuta) ,  Common 
and  Barrows  Goldeneye  (^.  clangula  and  islandlca) ,  Ruddy  Duck  (Oxyura 
jamalcensls) ,  Common  and  Hooded  Mergansers  (Mergus  merganser  and  Lophodytes 
cuculatus) ,  and  Grebes  (Podlceps  sp.). 

In  addition  to  the  many  species  of  waterfowl  found  in  local  wetlands,  shore- 
birds,  passerines,  and  numerous  birds  of  prey  including  owls  and  hawks  can 
also  be  found  throughout  McChord  AFB  and  Fort  Lewis  within  their  preferred 
habitat.  Gallinaceous  birds,  such  as  California  Quail  (Lophortyx  callfornl- 
cus)  and  Ruffed  Grouse  (Bonasa  umbellus)  can  be  found  in  the  area's  grasslands 


and  woodlands  respectively. 
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Mammals  known  to  occur  in  area  wetlands  Include  river  otter  (Lutra  canadensis) , 
beaver  (Castor  canadensis) ,  muskrat  (Ondatra  zibethica) ,  and  mink  (Mustela 
vison) .  Mule  or  blacktail  deer  (Oedocoileus  hemlonus) ,  raccoon  (Procyon 
lotor) ,  coyote  (Canis  latrans) ,  and  numerous  representatives  of  Talpldae  (mole 
family)  and  Rodentia  (squirrels,  mice,  voles,  and  rats)  occur  in  its  uplands 
and  woodlands. 

At  this  time,  there  are  no  federally  listed  endangered  species  known  to  occur 
within  the  study  area.  The  threatened  northern  American  bald  eagle  (Hallaeetus 
leucocephalus)  overwinters  and  may  breed  in  the  Fort  Lewis  and  McChord  AFB 
area.  The  white-topped  aster  (Curtis  aster) ,  currently  a  candidate  for  the 
federal  endangered  plant  list,  is  known  to  occur  on  both  McChord  AFB  and  Fort 
Lewis  properties. 

While  no  studies  have  been  conducted  to  determine  if  any  environmental  stress 
is  occurring  on  base  to  wildlife  or  their  habitat,  there  is  no  known  Impact  to 
aquatic  life  and  only  localized  impact  to  vegetation  in  the  areas  of  surface 
spills  or  land  disposal  sites  not  yet  covered  by  grass  or  trees.  Sites  with 
stressed  vegetation  were  identified  in  the  Phase  I  records  search  and  became  a 
part  of  the  IRP  environmental  response. 

2.6  SUMMARY  OF  ENVIRONMENTAL  SETTING 

McChord  AFB  occupies  approximately  eight  square  miles  of  partially  wooded 
grasslands  on  the  upland  plain  above  Puget  Sound.  Numerous  ponds  and  marsh 
areas  are  located  across  the  base  and  are  generally  connected  to  a  shallow 
groundwater  aquifer.  Jne  small  stream  crosses  the  base  and  serves  as  a  major 
carrier  of  stormwater  discharge.  Surface  soils  are  very  thin,  generally  not 
more  than  a  few  feet  in  thickness.  The  soil  mantle  overlies  a  highly  perme¬ 
able  gravel  outwash  of  glacial  origin  which  varies  in  thickness  from  30  to  60 
feet.  The  outwash  generally  lies  atop  a  dense  glacial  till  unit  which  boring 
logs  suggest  is  aerially  extensive  across  the  base  but  varies  in  thickness  and 
structural  continuity. 

The  till  unit  serves  as  an  aquitard  to  the  vertical  exchange  of  groundwater 
between  the  gravel  above  the  till  and  the  permeable  sands  or  recessional  out¬ 
wash  below  the  till  unit.  The  Esperance  sand  unit  is  that  water-bearing  unit 
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most  frequently  tapped  by  base  water  supply  wells.  The  presence  of  a  deep 
aquifer  has  been  confirmed  below  the  sand  unit  and  the  confining  clay  of  the 
Lawton  formation.  However,  little  Is  known  about  Its  local  hydrogeologlc 
properties. 

The  water-bearing  units  near  the  ground  surface  and  those  beneath  the  glacial 
till  unit  appear  to  be  hydraulically  connected.  Regional  groundwater  flow  Is 
In  a  northwest  direction.  Subterranean  geologic  units  on  the  base,  however, 
appear  to  Influence  groundwater  movement  and  cause  the  groundwater  flow  to 
split  and  change  directions. 

Localized  contamination  of  the  shallow  groundwater  aquifer  has  occurred  In 
part  because  of  the  ubiquity  of  septic  tanks,  the  Industrialization  and 
urbanization  of  the  region  east  and  north  of  McChord  AFB,  and  quite  possibly 
by  past  activities  on  the  military  Installations  In  the  area.  Highly  perme¬ 
able  soils  overlying  a  high  water  table  that  Is  frequently  not  more  than  15 
feet  from  the  ground  surface  provide  short  retention  time,  afford  limited 
biological  treatment,  and  offer  little  protection  to  the  groundwater  from 
surface  spills.  Contamination  by  Inorganic  salts  Is  widespread.  Confirmed 
contamination  by  chlorinated  organics  at  two  sites  adjacent  to  McChord  AFB  has 
led  to  construction  of  air  stripping  towers  at  one  site  and  the  temporary 
Import  of  bottled  water  for  consumptive  purposes  at  the  other.  The  discharge 
of  waste  solvents  from  a  dry  cleaning  operation  has  been  confirmed  as  the 
source  of  contaminants  for  the  first  site;  no  source  has  yet  been  Identified 
for  the  second. 
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3.0  FIELD  PROGRAM 


3.1  PURPOSE 

In  accordance  with  the  recommendations  of  the  IRP  Phase  II,  Stage  1  reconnais¬ 
sance  investigation,  and  in  consideration  of  concerns  expressed  by  the  public 
health  and  environmental  regulatory  agencies,  the  IRP  Phase  II,  Stage  2  confir¬ 
mation  investigations  at  McChord  AFB,  Washington  included:  (1)  an  electrical 
resistivity  survey  Intended  to  identify  the  depths  to  groundwater  and  strati¬ 
graphic  interfaces;  (2)  a  seismic  refraction  survey  to  determine  the  orienta¬ 
tion  and  physical  characteristics  of  strata  underlying  the  base;  (3)  the 
Installation  of  11  monitoring  wells  and  9  observation/recovery  wells  in  areas 
with  suspected  or  previously  identified  groundwater  contamination;  and  (4)  two 
subsurface  brine  tracer  studies  Intended  to  help  determine  the  direction, 
velocity,  and  possible  avenues  of  groundwater  flow. 

In  addition  to  the  hydrogeologic  investigations  described  above,  an  extensive 
groundwater  monitoring  program  was  carried  out  in  accordance  with  a  sampling 
frequency  and  analytical  schedule  recommended  in  the  Stage  1  report.  Ground- 
water  samples  were  analyzed  for  selected  inorganic  and  organic  compounds  as 
identified  in  tne  Stage  1  reconnaissance  investigation  or  as  believed  represen¬ 
tative  of  wastes  reported  to  be  burled  or  spilled  at  selected  disposal  sites. 
Based  upon  interim  results  in  this  Stage  2  investigation,  several  wells  under¬ 
went  weeks  of  continuous  pumping  and  time  series  sampling  to  Identify  temporal 
changes  in  contaminant  type  or  concentration.  The  following  sections  expand 
upon  the  purpose  and  approach  of  these  Phase  II  objectives. 


3.2  GEOPHYSICAL  EXPLORATION 

The  Phase  II,  Stage  2  geophysical  exploration  program  consisted  of  22  electri¬ 
cal  resistivity  stations  and  75  seismic  refraction  geophone  arrays.  Total 
lineal  footage  of  the  seismic  refraction  survey  was  approximately  22,000  feet. 
The  locations  of  the  seismic  lines  and  resistivity  stations  are  shown  on 
Figure  12.  These  locations  were  selected  based  upon  preliminary  interpreta¬ 
tions  of  the  presence  of  the  Vashon  Till  unit,  the  apparent  slope  of  the  water 
table  and  directions  of  groundwater  flow,  and  known  or  suspected  waste  dis¬ 
posal  sites  which  could  be  jeopardizing  groundwater  quality  on  McChord  AFB,  in 
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Figure  12 

SEISMIC  REFRACTION  LINES  AND  ELECTRICAL  RESISTIVITY  STATIONS  AT 
McCHORD  AIR  FORCE  RASE,  WASHINCTON 
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the  Lakewood  Water  District  well  field,  or  in  the  American  Lake  Garden  Tract. 
All  geophysical  surveys  were  performed  by  Foundation  Sciences,  Inc.  (FSI)  of 
Portland,  Oregon,  during  the  period  20  August  1983  through  29  September  1983. 
The  purpose  of  these  investigations  was  to  help  identify  geohydrologic  move¬ 
ment  of  groundwater  through  a  better  understanding  of  the  subterranean  geology 
and  hydrology.  Results  of  the  geophysical  studies  are  presented  in  Section 
4.1.1  and  all  data  logs  provided  in  Appendix  G. 

A  Geometries  Model  ES-1210F,  12-channel  signal  enhancement  seismograph  was 
used  for  the  seismic  refraction  surveys.  Two  geophone  spacings  and  two  geo¬ 
phone  spread  lengths  were  used  to  Increase  the  resolution  of  the  seismic  sig¬ 
nals.  A  typical  geophone  spacing  is  shown  on  Figure  13.  Both  forward  and 
reverse  profiles  were  run  at  each  location  to  estimate  the  attitude  of  the 
subsurface  geologic  units.  Seismic  signals  were  generated  by  the  free  fall  of 
a  500-lb  weight  released  from  a  height  of  six  feet.  The  weight  was  dropped 
several  times  at  each  location  to  allow  electronic  mixing  thus  improving  the 
signal-to-noise  ratio  of  the  seismic  signal. 

The  first  arrival  time  of  the  seismic  wave  at  each  geophone  (ordinate  axis)  is 
plotted  against  distance  from  the  source.  The  points  are  connected  with 
straight  line  segments.  Each  line  segment  corresponds  to  a  selsmically  deter¬ 
mined  stratigraphic  layer.  The  reciprocal  of  the  slope  of  the  line  segment  is 
the  corapressional  wave  velocity  of  the  layer.  The  apparent  thickness  of  each 
layer  Is  determined  from  the  extrapolated  zero  intercepts  of  the  line  seg¬ 
ments.  A  more  complete  discussion  of  the  reduction  of  seismic  refraction  data 
can  be  found  in  Dobrln  (1960). 

A  Bison  Model  2350  Earth  Resistivity  meter  and  a  Wenner  Electrode  array  were 
used  for  the  electrical  resistivity  profiling.  Electrode  spacings  were 
increased  from  4  feet  to  48  feet  in  increments  of  2  or  4  feet  to  determine 
apparent  resistivity  as  a  function  of  depth.  The  log  of  apparent  resistivity 
versus  the  log  of  electrode  spacing  is  then  plotted  and  the  data  fitted  using 
a  horizontal  two-layer  model.  The  type  curves  of  Orellana  and  Mooney  (1972) 
were  used  for  curve  fitting. 
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The  resistivity  of  the  top  layer  is  determined  from  the  intercept  of  the  mas” 
ter  curve  abscissa  along  the  ordinate  of  the  apparent  resistivity  versus  elec¬ 
trode  spacing  curve.  This  point  is  labeled  LI  on  the  apparent  resistivity 
plots  as  provided  on  photocopies  of  geophysical  tracings  contained  in  Appen¬ 
dix  G.  The  resistivity  of  the  second  layer  is  determined  by  multiplying  the 
resistivity  of  the  first  layer  by  the  model  multiplication  factor,  F.  The 
depth  to  the  interface  is  determined  from  the  Intercept  of  the  master  curve 
ordinate  along  the  abscissa  of  the  apparent  resistivity  versus  spacing  plot. 
This  point  is  labeled  D  on  the  plots.  Additional  details  of  the  technique  can 
be  found  in  Telford,  et  al.  (1976). 

3.3  BRINE  MIGRATION  STUDIES 

A  concentrated  sodium  chloride  brine  was  released  at  two  sites  in  the  indus¬ 
trial  area  of  the  base  in  an  attempt  to  simulate  surface  spills  of  liquid 
wastes.  Figure  14  identifies  the  locations  of  these  two  simulated  spills  and 
the  June  1983  anticipated  directions  of  brine  migration  once  the  salt  entered 
the  shallow  aquifer.  The  location  of  the  more  southern  brine  discharge  site 
is  in  a  surface  depression  near  Well  EZ02  and  200  feet  south  of  an  oil/water 
separator  and  leach  pit  adjacent  to  Building  342  and  the  318th  Fuel  Systems 
Repair  Shop.  This  site  was  selected  because  of  historical  overflows  and 
spills  of  liquid  wastes  from  the  separator.  Stage  1  confirmation  of  low-level 
groundwater  contamination  in  many  of  the  Area  E  monitoring  wells,  and  the 
hypothesis  made  at  the  conclusion  of  the  Stage  1  investigations  that  the 
buried  Vashon  Till  geologic  unit  may  cause  the  regional  groundwater  flow  to 
split  and  change  directions  at  some  point  near  the  south  end  of  the  base. 

The  second  site  is  north  of  Building  745  and  west  of  the  washrack  designated 
as  Site  No.  54  in  the  Phase  I  records  search.  The  brine  discharge  took  place 
on  the  gently  sloping  gravel  surface  near  Well  CZOl.  This  site  was  selected 
over  others  in  the  heavily  industrialized  "C"  ramp  area  because  of  its  imme¬ 
diate  proximity  to  groundwater  contamination  confirmed  in  Stage  1  investiga¬ 
tions,  and  the  presence  of  Site  No.  54  (the  inactive  aircraft  washrack)  and  at 
least  four  other  priority  waste  disposal  sites  within  a  500-foot  radius. 

In  anticipation  of  the  simulated  surface  spills,  water  table  elevations  and 
groundwater  specific  conductance  were  measured  repeatedly  at  weekly  intervals 
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In  all  monitoring  wells  between  the  Burlington  Northern  Railroad  and  the 
instrument  runway.  Specific  conductance  was  measured  jji  situ  at  five-foot 
intervals  using  a  Chemtrix  Type  700  TDS  conductivity  meter  (0  to  20,000  mi¬ 
cromhos  per  centimeter  range)  and  probe.  All  water  table  elevation  and  con¬ 
ductivity  data  were  recorded  by  date  and  by  depth  in  the  well  casing. 

Once  a  baseline  had  been  established  for  local  groundwater  specific  conduc¬ 
tance,  industrial  grade  (99.9  percent  pure)  sodium  chloride  (NaCl)  salt  as 
supplied  by  VWR  Scientific  of  Tukwlla,  Washington  was  brought  to  the  site. 
Inorganic  salts  were  selected  as  a  tracer  over  rhodamlne  dyes  or  other  organic 
tracers  both  because  of  concern  over  introduction  of  organic  dyes  into  ground- 
waters  used  by  off-base  residential  properties  as  potable  water  supplies,  and 
because  research  has  shown  that  organic  tracers  can  be  attenuated  by  the  soil 
matrix  (Bencala,  et  al.,  1983).  Letter  correspondence  was  made  with  the 
Washington  Department  of  Ecology  (WDOE)  to  notify  all  applicable  agencies  of 
the  program's  intentions  and  anticipated  results.  Empirical  determinations 
were  made  which  estimated  that  the  resultant  NaCl  concentration  in  groundwater 
at  the  base  property  lines  would  not  exceed  9  mg/1  under  the  most  conservative 
scenario  of  groundwater  dilution.  Based  upon  that  evidence,  the  WDOE  forwarded 
to  SAIC  a  letter  allowing  the  Investigations  to  proceed  so  long  as  the  quality 
of  domestic  water  supplies  were  not  jeopardized.  Copies  of  these  letter  cor¬ 
respondences  are  contained  in  Appendix  H. 

Five  80-pound  bags  of  salt  were  dissolved  and  applied  to  the  ground  surface  at 
each  of  the  two  spill  simulation  sites  on  11  October  1983.  The  brine  was  made 
by  dissolving  granular  salt  in  water  contained  in  a  clean  steel  drum.  Base 
water  supply  was  accessed  from  the  nearest  fire  hydrant.  Once  all  of  the 
brine  had  been  made  and  spilled  onto  the  ground  surface,  the  fire  hydrant  was 
opened  to  flush  water  onto  the  land  surface  at  a  field  measured  flow  rate  of 
about  300  gpm.  Approximately  20,000  gallons  of  water  was  flushed  onto  the 
south  site  near  Well  EZ02,  and  18,000  gallons  flushed  onto  the  north  site  near 
Well  CZOl. 

The  south  site  had  previously  been  rototilled  for  weed  control,  and  the  water 
flooding  turned  the  loose  soil  very  muddy.  The  rate  of  water  flushing  ulti¬ 
mately  caused  ponding  in  the  depression  to  a  depth  of  about  two  feet.  Con¬ 
versely,  water  was  played  out  upon  the  gravelly  surface  of  the  north  site  and 
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percolated  into  the  ground.  The  flushing  was  stopped  when  a  small  stream  of 
surface  overflow  finally  reached  the  nearby  road  surface.  Each  of  the  two 
brine  disposal  sites  were  reoccupied  on  both  13  October  and  17  October  to  flush 
additional  water  onto  the  ground  surface  to  ensure  that  the  salt  reached  the 
water  table.  The  south  and  north  brine  disposal  sites  were  flushed  with 
approximately  12,000  and  10,000  gallons,  respectively,  on  each  of  the  two 
follow-on  visits.  The  high  permeability  of  the  area  soils  and  the  recessional 
outwash  was  best  demonstrated  by  our  ability  to  safely  drive  vehicles  over  the 
south  disposal  site  only  two  days  after  the  site  had  been  ponded  with  more 
than  two  feet  of  water. 

Post-spill  monitoring  of  all  wells  resumed  im. ediately  so  as  to  record  any 
observed  changes  in  specific  conductance  at  any  elevation  in  the  water  column. 
These  data  were  recorded  similarly  to  those  collected  for  baseline  specific 
conductance.  Monitoring  of  the  wells  continued  for  approximately  four  weeks 
or  until  any  apparent  change  in  specific  conductance  was  determined  to  repre¬ 
sent  only  natural  variability.  This  had  been  established  during  the  baseline 
data  collection  efforts  as  approximately  5  to  10  percent  of  the  mean  specific 
conductance  in  the  well.  Results  of  the  brine  migration  study  are  discussed 
in  Section  4.2.1. 

3.4  DRILLING.  SOIL  SAMPLING  AND  WELL  INSTALLATION  PROCEDURES 
3.4.1  Well  Construction 

The  well  drilling  component  of  the  IRP  Phase  II,  Stage  2  (Confirmation) 
Investigation  at  McChord  AFB  was  divided  into  two  groundwater  well  boring  and 
installation  events.  The  initial  wells  to  be  Installed  were  constructed  as 
two-inch  monitoring  wells  with  a  maximum  depth  of  102  feet.  These  wells  were 
drilled  and  installed  between  15  July  1983  and  30  August  1983.  The  second 
group  of  wells  was  installed  as  six-inch  observation  wells  between  24  May  1984 
and  12  December  1984.  Figure  15  shows  the  locations  of  all  borings  and 
monitoring  wells  constructed  to  date  during  the  IRP  program  at  McChord  AFB. 
The  borings  made  during  Stage  2  investigations  have  underlined  identification 
codes.  The  first  letter  in  the  alpha-numeric  drilling  code  defines  the  IRP 
area  of  concern  (e.g.,  "A").  The  second  letter  identifies  the  type  of  well 
installed;  the  letter  "A"  means  a  set  of  nested  or  cluster  wells,  the  letter 


48 


SMC 


"R"  means  a  large  diameter  casing  suitable  for  recovery  of  contaminants  during 
remedial  action  activities,  and  the  letter  "Z”  means  a  piezometer  or  monitor¬ 
ing  well  with  but  a  single  casing.  No  second  letter  is  encoded  if  the  well 
casing  was  never  successfully  installed  or  completed  (e.g.,  C02,  D04,  and 
DOS).  Finally,  the  two-digit  number  indicates  the  order  in  which  the  borehole 
was  drilled  for  all  borings  within  the  designated  IRP  area  of  interest. 

The  drilling,  sampling,  and  construction  of  Stage  2,  two-inch  monitoring  wells 
was  performed  using  a  truck-mounted  Mobile  B-61  drill  rig  provided  and  oper¬ 
ated  by  Subterranean,  Inc.  The  borings  were  drilled  using  a  3-3/8  inch  inside 
(eight  inch  outside)  diameter  hollow  stem  auger.  All  drilling  activities  and 
techniques  were  observed  by  an  experienced  SAIC  staff  geologist  who  maintained 
a  detailed  log  of  all  subsurface  materials  encountered  during  the  course  of 
the  drilling.  Lithologic  stratigraphic  horizons  were  recorded  during  the  con¬ 
struction  of  the  wells. 

Lithologic  samples  were  collected  with  a  split-spoon  sampler  through  the 
hollow-stem  auger  at  five-foot  depth  intervals.  A  standard  penetration  test 
was  performed  at  the  time  of  sampling.  This  test  consists  of  driving  a 
standard  split-spoon  sampler  into  the  soil  a  distance  of  18  inches  using  a  140- 
pound  hammer  which  is  dropped  30  inches.  The  number  of  blows  required  to 
drive  the  sampler  the  last  12  Inches  is  the  Standard  Penetration  Resistance, 
or  N-value.  The  N-values  provide  a  relative  measure  of  the  compaction  of 
granular  soils,  such  as  sand,  and  the  degree  of  softness  or  stiffness  of 
cohesive  soils,  such  as  clayey  silt. 

The  soil  obtained  in  the  split-spoon  sampler  was  visually  examined  by  the 
geologist.  Representative  portions  of  each  sample  were  saved  in  airtight 
glass  jars  for  future  chemical  analysis.  All  samples  were  transferred  from 
the  split-spoon  to  16-ounce  wide-mouth  glass  jars  with  Teflon®  spatulas.  The 
jars  were  sealed  with  a  Teflon®  inner  cap  liner.  All  samples  were  identified 
by  a  code  containing  the  date,  boring  identification,  core  depth,  and  the  name 
of  the  person  collecting  the  sample.  Field  sample  logs  were  maintained  by  the 
geologist.  All  sediment  samples  collected  for  chemical  analyses  were  trans¬ 
ferred  to  a  freezer  in  Building  751  where  they  remain  archived  at  0°F  until 
needed  for  chemical  characterization  or  until  a  decision  is  made  to  dispose  of 
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the  material.  Any  soil  material  remaining  in  the  split-spoon  sampler  was 
saved  for  further  geologic  characterization.  Each  split-spoon  sampler  was 
thoroughly  cleaned  in  a  mild  soap  solution  ("Alconox"),  rinsed  with  reagent 
grade  methanol,  and  allowed  to  dry  before  re-use. 

The  drilling  for  the  nine  six-inch  observation  wells  was  accomplished  using  a 
Calweld  250  bucket  auger  rig  provided  and  operated  by  Stang  Hydronlcs,  Inc. 
Soil  samples  were  not  collected  during  the  Installation  of  these  wells  but 
lithologic  horizons  were  recorded  by  the  geologist.  This  information  was  used 
to  interpret  the  stratigraphic  and  hydrogeologlc  relationships. 

Polyvinyl  chloride  (PVC)  well  casings  were  Installed  in  the  boreholes.  Six- 
inch  casing  was  installed  in  each  of  the  48-lnch  boreholes  drilled  with  the 
bucket  auger,  and  two-inch  casing  was  Installed  in  the  boreholes  drilled  by 
hollow-stem  auger.  Ten-foot  lengths  of  PVC  pipe  with  threaded  joints  were 
used  to  construct  the  casings.  Threaded  pipe  was  used  to  avoid  using  PVC  sol¬ 
vent  and  plasticizer  adhesives  on  joints.  A  PVC  end  plug  was  threaded  onto 
the  bottom  of  the  well  screens  to  prevent  sediment  from  entering  the  casing. 
The  preslotted  six-inch  diameter  well  screen  had  0.020-inch  slots,  and  the 
two-inch  diameter  screen  had  0.010-inch  slots.  The  installed  well  screens 
typically  extended  from  the  bottom  of  the  boring  up  to  less  than  20  feet  below 
ground  surface.  Generally,  one  to  three  feet  of  unslotted  PVC  pipe  extended 
above  the  ground  surface  at  each  well  location. 

The  two-inch  diameter  monitoring  wells  Installed  during  the  Stage  2  investiga¬ 
tions  were  not  sand  packed.  Instead,  the  gravel  outwash  was  allowed  to 
collapse  around  the  well  casing  as  the  drilling  auger  was  extracted.  The  six- 
inch  diameter  casings  in  the  48-inch  boreholes  were  packed  with  washed  3/8-inch 
minus  pea  gravel.  Bentonite  and  grout  seals  were  constructed  in  the  top  10 
feet  of  all  the  borings.  A  steel  protective  casing  with  locking  cover  was 
grouted  in  over  the  protruding  PVC  well  casing.  Figure  16  is  an  illustration 
of  the  typical  well  construction  techniques  employed.  Finally,  in  a  support¬ 
ing  role,  McChord  AFB  Civil  Engineering  surveyed  all  protective  steel  casings 
to  uses  bench  marks.  Control  elevations  are  reported  accurate  to  0.01  foot. 
Survey  data  were  accepted  when  closure  variance  was  found  to  be  less  than  0.1 
foot. 
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3.4.2  Borehole  and  Well  Logs 


Table  3  presents  a  summary  of  the  location  and  physical  description  of  the 
boreholes  drilled  at  McChord  AFB,  the  zones  at  which  the  installed  monitoring 
wells  are  screened,  and  the  actual  dates  of  drilling  and  well  installation. 
Logs  for  borings  and  wells  installed  during  Phase  II,  Stage  2  investigations 
at  McChord  AFB  are  presented  in  Appendix  D.  (Note:  Stage  1  boring  logs  are 
to  be  found  in  Appendix  A  of  the  June  1983  Stage  1  reconnaissance  survey 
report.)  Each  log  shows  the  various  types  of  materials  that  were  encountered 
during  drilling  and  the  depths  and  elevations  where  the  materials  and/or  the 
characteristics  of  the  materials  changed.  The  number  and  types  of  the  samples 
that  were  taken  during  the  drilling  are  Indicated  in  the  column  to  the  right 
of  the  geologic  description.  In  the  next  column,  the  depths  of  well  screens 
and  blank  well  casings  are  shown  graphically.  Also  shown  in  this  column  are 
the  measured  groundwater  elevation  and  the  date  when  the  measurement  was  made. 
Farther  to  the  right  are  plotted  the  standard  penetration  resistance  or  N-val- 
ues  that  were  recorded  during  the  split-spoon  sampling.  Appendix  D  also  con¬ 
tains  a  listing  of  the  various  descriptors  and  symbols  used  to  classify  soil 
types  and  soil  consistencies  as  reported  on  the  boring  logs.  The  graphic  log 
for  each  boring  was  prepared  using  standard  geologic  symbols  for  unconsoli¬ 
dated  materials. 

3.4.3  Well  Development 

Well  development,  the  final  step  in  completing  a  well,  is  a  technique  whereby 
silts  and  other  fine-grained  sediments  are  removed  from  the  aquifer  in  the 
vicinity  of  the  well  screen.  This  removal  of  the  fine  sediments  restores  the 
permeability  of  the  adjacent  geologic  formation  so  that  water  can  enter  the 
well  more  freely.  Well  development  techniques  used  on  the  wells  at  McChord 
AFB  included  a  jet  pump,  an  air  lift  pump,  a  four-inch  diameter  submersible 
pump,  and  hand  bailing. 

The  jet  pump  is  usually  used  as  a  water  well  production  apparatus  rather  than 
a  development  tool.  SAIC  attempted  to  use  a  single  pipe  jet  pump  as  a  well 
development  tool  because  water  and  fine  sediments  are  drawn  from  the  formation 
and  out  of  the  well,  as  opposed  to  the  surging  action  associated  with  an  air 
lift  pump  or  the  turbulence  associated  with  hand  balling.  Several  factors 
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Table  3 

SUMMARY  OF  IRP  PHASE  II  WELLS 
McCHORD  AIR  FORCE  EASE,  WASHINGTON 


Well 

I.D. 

Location 

Depth 

Drilled 

Depth 

Cased 

Depth (s) 
Screened 

Date 

Drilled 

AZOl 

West  of  Fuel  Storage  Tank  Noa.  860,  861,  862 

92 

92 

12-92 

1982 

Dec  8-10 

AZ02 

West  of  "A”  Street,  South  of  6th  Street 

103 

102.5 

32.5-102.5 

1982 

Dec  8-9 

AZ03 

South  of  Fuel  Storage  Tank  Noa.  860,  861,  862 

83 

82 

22-82 

1983 

Jan  17 

AZOA 

East  of  Bridgeport  Way,  South  of  McChord  Ave. 

58 

57.5 

7.5-57.5 

1983 

Jul  20 

AZ05 

25  feet  Southeast  of  Building  1108 

58  37.5  7.5-37.5 

(Abandoned  Dec.  198A) 

1983 

Jul  20-21 

AZ06 

East  of  Bridgeport  Way,  South  of  McChord  Ave. 
on  Fierce  County  Dept,  of  Public  Works  Rlght- 
of-Way 

53 

52.5 

12.5-52.5 

1983 

Aug  29 

BAOl 

West  of  the  North  End  of  "A"  Street 

235 

218 

208-218 

1982 

1983 

Dec  27  to 
Jan  6 

BA02 

Nested  Well 

235 

160 

lAO-160 

1982 

1983 

Dec  27  to 
Jan  6 

BA03 

Nested  Well 

235 

125 

115-125 

1982 

1983 

Dec  27  to 
Jan  6 

BZOl 

Southeast  of  Interstate  5  along  Northwest 

Side  of  West  Road 

97 

92 

17-92 

1982 

Nov  23-2A 

BZ02 

West  of  "A"  Street  Near  Baseball  Dlatund 

102 

102 

22-102 

1982 

Nov  2A-29 

BZ03 

West  of  "A"  Street  Situated  Between  Buildings 
11A9,  11A8,  and  11A7 

72 

68 

18-68 

1982 

Nov  15-30 

BZ04 

Restricted  Area-South  of  "J"  Ramp,  North  of 
"D"  Ramp,  East  of  Taxlway 

80 

68 

8-68 

1982 

Dec  2-3 

BZ05 

Restricted  Area— East  of  "C"  Ramp,  Next  to 

Blast  Deflectors 

53 

52 

17-52 

1983 

Jan  19-20 

CAOl 

North  of  JP-A  Truck  Depot  Near  Building  6011 

250 

216 

196-216 

1983 

Jan  7-21 

CA02 

Nested  Well 

250 

no 

180-190 

1983 

Jan  7-21 

CA03 

Nested  Well 

250 

168 

1A8-168 

1983 

Jan  7-21 

CAOA 

Nested  Well 

250 

65 

35-65 

1983 

Jan  7-21 

CZOl 

East  of  Clover  Creek,  South  of  Storage  Tank 

Nos.  1195  and  1157 

103 

90 

10-90 

1982 

Nov  10-lA 

C02 

Northwest  of  Clover  Creek  by  Building  No.  7A5 

103 

(Abandoned 

During  Drilling) 

1982 

Nov  A-10 

CZ03 

North  of  Clover  Creek,  Southeast  of  Building  23 

103 

90 

10-90 

1982 

Nov  1-A 

CZOA 

West  of  Clover  Creek,  East  of  "B"  Street, 
Northwest  of  Buildings  763  and  759 

92 

92 

22-92 

1982 

Nov  4-10 

CZ05 

100  feet  East  of  Building  1157 

98 

97 

7-97 

1983 

Jul  15 

CROl 

Northeast  of  Building  1157,  Southeast  of 

Building  1158 

AO 

38 

8-38 

198A 

Jua  11-12 

CR02 

East  of  CROl,  South  of  "C"  Ramp 

AO 

38 

8-38 

198A 

Aug  27-28 

CR03 

North  of  Intersection  of  "A"  Street  and  6th 
Street,  West  of  "A"  Street 

AO 

38 

8-38 

198A 

Aug  29-31 

CROA 

On  Grass  Infield  at  Intersection  of  Apron 

Support  Taxlway  and  "C"  Ramp 

AO 

38 

8-38 

198A 

Oct  10-12 

DZOl 

Golf  Course,  North  of  llth  Hole  Green,  West 
of  12th  Hole  Tee 

108 

98 

18-98 

1982 

Nov  18-19 

DZ02 

North  of  Golf  Course,  South  of  Ordnance  Bunkers 

A5 

A2 

12-A2 

1983 

Nov  22-23 

DZ03 

Golf  Course,  West  of  3rd  Tee,  Northwest  of 

58 

53 

3-53 

1983 

Aug  12 

Base  Housing  Gate 
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Table  3 
(cont'd) 


Well 

I.D. 

Location 

Depth 

Drilled 

Depth 

Cased 

Depth (s) 
Screened 

Date 

Drilled 

D04 

Golf  Course,  North  of  Base  Housing  Gate 
on  Edge  of  Swamp 

88  88  18-88 
(Absndoned  During  Drilling) 

1983 

Aug  23-24 

DOS 

South  of  150th  Street  Southwest,  North  of 

Radio  Antennas 

73 

(Abandoned  During  Drilling) 

1983 

Aug  24-26 

DZ06 

North  of  Lincoln  Blvd.,  Northeast  of  Base 

Housing  Gate 

63 

45 

5-45 

1983 

Aug  29 

DZ07 

South  of  Lincoln  Blvd,,  Southeast  of  Base 

Housing  Gate 

48 

38 

0-38 

1983 

Aug  30 

OROl 

North  of  Lincoln  Blvd,,  Eaat  of  DZ06 

60 

58 

8-58 

1984 

May  24-25 

DR02 

North  of  Lincoln  Blvd.,  West  of  Golf  Course 
Clubhouse,  Along  Fairway  1 

60 

58 

8-58 

1984 

Jun  18-21 

DR03 

Between  Fairway  1  and  Fairway  9,  North  of  DR02 

60 

58 

8-58 

1984 

May  30-31 

DR04 

South  of  Lincoln  Blvd.,  East  of  South  Gate  Rd. 

60 

58 

18-58 

1984 

Jun  25-27 

DR05 

Golf  Course,  North  of  5th  Tee,  East  of  4ch  Green 

50 

48 

8-48 

1984 

Dec  12-14 

EZOl 

Northeast  Comer  of  6th  and  "M"  Streets 

94 

78 

18-78 

1982 

1982 

Oct  19  to 
Nov  1 

EZOZ 

North  of  Outer  Drive,  South  of  Taxlway 

Support  Area 

82 

78 

28-78 

1982 

Oct  27-28 

EZ03 

North  of  Lincoln  Blvd. ,  Southwest  of  Building 

328 

98  48 

(Abandoned  Dec. 

28-48 

1984) 

1982 

Oct  28-29 

EZ04 

South  of  Lincoln  Blvd.,  West  of  Taxlway 

Support  Area  In  Sump  Pit 

63  63 

(Abandoned  Aug. 

13-63 

1984) 

1983 

Jan  18-19 

rzos 

South  of  Lincoln  Blvd. ,  West  of  Taxlway 

Support  Area,  North  of  EZOA 

63 

62 

12-62 

1983 

Jan  20-21 

FZOl 

At  Confluence  of  Clover  and  Morey  Creeks, 

West  of  Lima  Ramp 

103 

102 

22-102 

1982 

Dec  6-7 

HZOl 

East  of  Perimeter  Road  In  Northeast  Comer 
of  the  Base 

103 

102.5 

2.5-102.5 

1983 

Jul  15 

JZOl 

East  of  "A"  Street,  South  of  CE  Compound 

73 

72.5 

12.5-72.5 

1983 

Jul  18-19 
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made  the  jet  pump  difficult  to  use,  however.  First,  this  equipment  is  intended 
to  be  used  in  a  solid  well  casing  with  only  the  jet  pump's  foot  valve  and 
intake  pipe  positioned  in  the  zone  of  the  well  screen.  However,  most  of  the 
monitoring  wells  at  McChord  AFB  were  installed  with  slotted  casing  extending 
the  full  height  of  the  water  column.  In  the  absence  of  a  liner  or  sleeve 
inserted  in  the  well  casing  to  close  the  slots,  much  of  the  water  pumped  down 
the  well  casing  was  Injected  into  the  surrounding  soil.  This  loss  of  water 
and  pressure  reduced  or  eliminated  the  Venturi  pressure  differential  which  is 
the  basis  of  the  jet  pump  system.  Second,  water  required  to  prime  the  system 
at  the  remote  well  sites  was  often  difficult  to  secure  and  transport.  Finally, 
the  electric  pump  needs  a  gasoline  or  diesel  fueled  220-volt  generator  as  an 
external  power  supply.  The  jet  pump  proved  to  be  an  Ineffective  well  develop¬ 
ment  tool  after  unsuccessfully  using  the  equipment  in  three  wells. 

Compressed  air  was  used  for  well  development  on  several  two-inch  diameter 
wells.  One-half  inch  I.D.  Schedule  80  PVC  pipe  was  combined  in  10-foot  lengths 
and  inserted  in  the  two-inch  I.D,  well  casing.  Compressed  air  was  supplied  to 
the  1/2-inch  PVC  pipe  at  a  maximum  pressure  of  120  psl.  Air-lifting  of  ground- 
water  and  fine-grained  sediments  was  conducted  at  each  well  for  over  one  hour 
during  which  time  an  estimated  300  gallons  of  water  (20  to  30  casing  volumes, 
depending  on  well  depth)  had  been  pumped.  Well  development  was  considered 
complete  when  suspended  particulates  were  noticeably  absent  or  water  turbidity, 
as  judged  visually,  became  stable  over  a  5-  to  10-minute  period. 

A  four-inch  diameter  submersible  pump  was  lowered  to  the  bottom  of  all  six- 
inch  diameter  casings  and  used  to  clear  the  wells  of  all  solids  and  silts. 
The  pump  generally  produced  between  40  and  60  gallons  per  minute  (gpm)  and  was 
normally  allowed  to  run  for  one  hour  or  more.  The  Air  Force  provided  direct 
line  power  to  four  of  the  large  diameter  wells  in  the  "D"  area,  and  provided  a 
field  generator  for  the  fifth  well.  Four  of  these  wells,  three  at  any  given 
time,  were  pumped  continuously  during  a  time  series  chemical  characterization 
study  of  groundwater  along  the  southern  flank  of  the  golf  course. 

Finally,  hand  bailing  was  used  as  a  standby  well  development  technique  on  the 
monitoring  Wells  AZ05,  AZ06,  DZOl,  DZ02,  and  HZOl.  These  wells  were  set  in 
thick  zones  of  low-yield  till,  and  the  height  of  the  standing  water  in  the  well 
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casing  was  insufficient  to  effect  good  air  lift  operation.  As  the  simplest 
yet  most  tedious  of  development  and  flushing  methods,  hand  bailing  consists  of 
repeatedly  lowering,  filling,  raising  and  dumping  a  small  diameter  well  bucket. 
This  bucket  is  constructed  of  Teflon®  components  with  a  stainless  steel  wire 
ball.  It  is  29  inches  long  with  an  outside  diameter  of  1.75  inches.  The 
volume  of  this  bailer  is  approximately  0.8  liters.  Unlike  the  point-source 
bailer  which  has  both  an  upper  and  a  lower  ball  check  valve,  this  bailer  only 
has  a  lower  check  valve.  The  bailer  was  lowered  into  the  well  on  a  nylon 
line.  The  used  line  was  discarded  and  the  bailer  washed  in  a  laboratory  deter¬ 
gent  ("Alconox")  and  rinsed  with  water  and  methanol  after  each  well  was  bailed 
to  avoid  cross-contamination  of  wells. 

3.5  SAMPLE  COLLECTION  AND  ANALYSIS 
3.5.1  Sample  Collection  and  Preparation 

The  target  monitoring  wells  were  flushed  by  air  lift,  submersible  pump,  or 
hand  bailer  prior  to  sampling  to  remove  at  least  three  to  five  well  casing 
volumes  of  water.  This  ensured  that  well  stagnation  would  not  bias  the 
analytical  results.  In  those  instances  where  the  water  yield  was  low  so  as  to 
preclude  the  prerequisite  volume  of  water  withdrawal,  most  notably  Well  AZ05, 
as  much  water  as  could  be  removed  in  30  minutes  of  air  lift  was  the  target 
volume. 

Water  samples  for  pollutant  analyses  were  collected  using  a  point-source 
bailer  constructed  entirely  of  Teflon®  components.  The  bailer  was  36  inches 
in  length  with  an  outside  diameter  of  1.66  Inches.  When  full,  the  volume  of 
the  bailer  is  approximately  l.O  liters.  Teflon®  balls  built  into  both  the  top 
and  the  base  served  as  upper  and  lower  check  valves  which  ensure  the  integrity 
of  a  water  sample  from  a  discrete  zone.  The  bailer  was  lowered  into  the  well 
on  a  nylon  monofilament  line.  The  used  length  of  line  was  discarded  after 
each  well  was  sampled  to  avoid  possible  transfer  of  contaminants  to  other 
wells.  The  bailer  was  washed  with  a  mild  detergent  solution  ("Alconox")  and 
rinsed  with  methanol  prior  to  sampling  another  well. 

All  samples  targeted  for  volatile  organics  analysis  were  taken  at  discrete 
depths.  Other  samples  were  either  grab  samples  or  composite  samples  of  equal 
volumes  taken  at  multiple  depths.  When  collecting  samples  to  be  composited. 
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sampling  proceeded  from  Che  top  of  Che  water  column  Co  the  total  depth  of  the 
well  to  minimize  the  effect  of  turbulence  within  the  well  casing.  The  sam¬ 
pling  team  would  determine  in  the  field  the  preferred  depth  position  of  the 
bailer  and  the  frequency  of  samples  pulled  from  the  well.  This  was  done  to 
ensure  that  sufficient  volumes  of  water  were  collected  throughout  the  water 
column  to  fill  all  sample  bottles. 

As  part  of  a  time-series  aquifer  stress  test,  three  of  the  six-inch  diameter 
wells  (DROl,  DR02,  and  DR03)  on  Che  golf  course  had  submersible  pumps  installed 
in  them  for  several  months.  A  fourth  large  diameter  well  (DR05)  had  a  submers¬ 
ible  pump  installed  for  several  weeks.  The  pumps  were  run  continuously  between 
11  October  and  12  December  1985,  discharging  approximately  40  gallons  per 
minute  to  the  duck  pond  along  Lincoln  Boulevard  or  the  non-overflowing  swampy 
depressions  adjacent  to  the  golf  course.  Authorization  to  discharge  to  these 
surface  waters  was  granted  by  Che  Washington  Department  of  Ecology  (see 
Appendix  H) .  Less  lengthy  periods  of  pump  operation,  ranging  from  1  to  5  days 
duration,  were  associated  with  follow-on  sampling  extending  into  February 
1985.  Water  samples  from  these  wells  were  collected  off  the  pump  discharge 
and  analyzed  for  volatile  organics.  Water  samples  were  also  collected  from 
the  single  remaining  large  diameter  well  in  the  "D"  area  and  the  four  six-inch 
diameter  wells  near  MAC  "C  ramp  using  a  Teflon®  bailer  in  the  same  manner  as 
that  used  for  Che  small  diameter  monitoring  wells. 

All  sample  bottles  and  field  equipment  were  prepared  and  sorted  prior  to  the 
sampling  event.  All  acid  or  caustic  sample  preserving  reagents  were  premeas¬ 
ured  and  placed  in  the  premarked  sample  containers.  Phenol  fractions  were  col¬ 
lected  in  one-liter  amber  glass  bottles  containing  premeasured  phosphoric  acid 
sufficient  to  reduce  the  pH  to  less  than  4.0  units.  The  phenol  sample  was 
then  further  fixed  in  the  field  by  adding  at  least  1  g/1  granular  copper 
sulfate  to  the  sample  prior  to  sealing  the  bottle.  Heavy  metal  and  cyanide 
samples  were  collected  in  one-liter  polyethylene  bottles.  Heavy  metal  samples 
were  fixed  (without  filtration)  using  5  ml/1  of  concentrated  nitric  acid, 
while  the  cyanide  samples  were  fixed  with  concentrated  sodium  hydroxide  to 
ensure  a  pH  in  excess  of  10.0  pH  units.  Water  samples  with  noticeable  turbid¬ 
ity  or  suspended  solids  that  were  scheduled  for  heavy  metals  analysis  were  not 
acid-fixed.  Volatile  organics  were  sampled  in  duplicate  and  placed  in  40  ml 
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bottles  and  closed  with  Teflon®  septums.  These  bottles  were  always  field 
checked  to  ensure  no  air  bubbles  were  entrained  when  the  bottle  was  capped. 
Pesticide  fractions  were  collected  in  one  gallon  amber  glass  bottles.  All 
bottles  had  been  prepared  by  acid  rinse  (or  caustic  where  appropriate)  and 
heating  in  the  SAIC  Environmental  Chemistry  Laboratory. 

Once  all  the  samples  were  collected,  the  bottles  were  sealed,  labeled,  wrapped 
in  bubble  packing  material,  placed  in  coolers,  and  covered  with  crushed  ice. 
At  the  end  of  the  day  all  samples  were  removed  from  the  coolers,  inventoried 
against  the  field  log  notes,  and  a  sample  chain-of-custody  log  was  prepared. 
All  samples  were  packed  in  shr.pping  coolers,  again  covered  with  ice,  and  the 
coolers  were  sealed  and  secured.  Breakaway  and/or  tear  resistant  tape  was 
used  to  seal  the  coolers  per  chain-of-custody  protocols.  All  tape  seals  were 
signed  by  the  sampling  team  leader.  The  samples  were  then  shipped  by  air 
express  to  the  SAIC  Trace  Environmental  Chemistry  Laboratory  in  La  Jolla, 
California  by  the  field  sampling  team.  Upon  arrival  at  the  lab,  all  samples 
were  inventoried  against  the  chain-of-custody  log  and  the  sample  bottles 
Inspected  for  sample  integrity.  Once  a  lab  identification  number  had  been 
assigned  to  each  sample,  the  chain-of-custody  log  was  signed  and  a  copy  was 
returned  to  the  SAIC  Bellevue  office  for  confirmation  of  receipt.  Appendix  I 
contains  a  description  of  the  chain-of-custody  procedures  and  examples  of  com¬ 
pleted  logs. 

3.5.2  Sample  Analysis 

All  groundwater  samples  taken  as  part  of  the  IRP  Phase  II,  Stage  2  (Confirma¬ 
tion)  Investigation  have  been  analyzed  for  full  or  partial  scan  priority  pollu¬ 
tant  concentrations.  All  groundwater  analyses  were  performed  in  the  SAIC 
Trace  Environmental  Chemistry  Laboratory  in  La  Jolla,  California.  The  proto¬ 
cols  for  sample  handling  and  preservation  are  as  defined  by  U.S.  EPA  protocols 
or  Standard  Methods  (15th  Edition,  1980).  Sample  preparation  and  detection 
limits  for  volatile  organic  compounds  quantified  by  gas  chromatography  and 
mass  spectrometry  (GC/MS)  techniques  are  those  specified  by  EPA  Method  624, 
and  for  base  neutral  compounds  as  specified  by  EPA  Method  625.  Pesticides 
were  analyzed  in  accordance  with  EPA  method  608.  Detection  limits  for  the 
heavy  metal,  arsenic,  phenol,  and  cyanide  analytes  were  those  specified  by 
USAFOEHL  in  the  delivery  order  (see  Appendix  C). 
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3.5.3  In  Situ  Water  Quality  Monitoring 

Each  well  was  vertically  logged  for  pH,  specific  conductance  and  temperature. 
The  probes  were  lowered  into  each  well  and  readings  of  each  parameter  were 
collected  at  five-foot  intervals. 

Monitoring  proceeded  from  the  bottom  of  the  well  to  the  top  of  the  water 
column.  The  probes  and  cables  were  washed  with  "Alconox,"  a  mild  detergent 
solution,  and  rinsed  with  clean  water  prior  to  monitoring  another  well.  The 
pH  was  measured  using  a  Chemtrlx  Type  400  pH  meter  and  probe.  This  meter  was 
standardized  against  reagents  of  4.0,  7.0  and  10.0  pH  units.  Conductivity  was 
metered  with  a  Chemtrlx  type  700  TDS  conductivity  meter  (0-20,000  micromhos/cm 
range)  and  probe.  This  meter  was  standardized  against  reagent  solutions  with 
conductivities  of  250,  500,  1,000  and  1,990  mlcromhos/cm.  Temperatures  were 
monitored  with  an  Omega  Model  450  ATH  hand-held  digital  meter  and  thermistor 
thermometer  with  a  design  operating  range  of  -25.7“C  to  103.2‘’C  and  a  resolu¬ 
tion  of  0.1®C. 

3.6  WELL  CLOSURE  OR  MONUMENT  REPLACEMENT 

A  number  of  groundwater  monitoring  wells  constructed  during  the  course  of  the 
IRP  Phase  II  investigations  have  been  permanently  closed  or  have  been  modified 
to  accommodate  changing  needs  of  the  Air  Force  at  the  ground  surface.  Moni¬ 
toring  Wells  AZ05,  D04,  EZ03,  and  EZ04  have  been  closed  in  accordance  with 
requirements  of  the  State  of  Washington  (WAC  173-160-300).  This  closure 
included,  wherever  possible,  packing  of  the  well  with  bentonite-cement  or 
cement  throughout  the  entire  well  casing,  removal  of  the  protective  steel 
casing  and  anchor  plug,  unthreading  and  removing  any  exposed  PVC  pipe,  and 
sealing  off  the  top  10  to  15  feet  of  borehole  with  a  cement  plug. 

Well  AZ05  was  closed  in  December  1984  because  of  its  shallow  depth  (38-foot 
boring)  and  very  low  water  yield  in  the  Vashon  Till.  This  well  could 
frequently  be  dewatered  by  hand  balling.  The  potential  for  Introduction  of 
contaminants  into  the  groundwater  through  the  well,  particularly  because  of 
its  location  near  off-base  housing,  exceeded  its  value  as  a  monitoring  well. 
Well  D04,  though  drilled  and  casing  set  to  88  feet  in  August  1983,  was  damaged 
when  the  casing  became  unthreaded  or  broke  at  about  45  feet  during  auger 
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extraction.  Numerous  attempts  to  save  the  well  were  unsuccessful.  This  well 
was  subsequently  closed  in  October  1984.  Well  EZ03  had  similar  problems 
during  construction  in  late  1982  but  the  well  was  saved  as  a  piezometer  by 
sliplining  a  one-inch  I.D.  pipe  inside  of  the  two-inch  well  casing.  The  value 
of  this  well  serving  only  as  a  piezometer  was  questioned  as  the  IRP  project 
progressed.  Because  it  could  no  longe”  be  flushed  or  sampled,  the  decision 
was  made  to  close  the  well  in  December  1984.  Finally,  Well  EZ04  was  damaged 
by  USAF  heavy  equipment  operators  when  it  was  backed  over  during  rototllllng 
activities  for  brush  and  weed  control  purposes.  Displacement  of  the  protec¬ 
tive  steel  casing  broke  off  the  PVC  well  casing  at  a  point  approximately  five 
feet  below  the  ground  surface.  As  much  grout  as  possible  was  forced  into  the 
underlying  PVC  pipe  at  the  time  of  closing  in  August  1984. 

Three  additional  wells  have  undergone  rehabilitation.  Well  DZ03  has  had  the 
protective  steel  casing  pulled  and  the  top  piece  of  PVC  pipe  replaced  after 
USAF  personnel  Inadvertently  used  solvents  to  add  a  riser  pipe  to  the  well 
casing.  The  steel  casing  was  replaced  and  resurveyed.  The  protective  steel 
casing  on  Well  CZ03  was  removed  and  the  PVC  well  casing  sawed  off  to  ground 
level.  A  water  meter  vault  was  installed  at  grade  to  protect  the  well.  This 
repair  was  made  to  preserve  the  well  while  allowing  construction  of  the  new 
fire  station.  Finally,  the  nested  set  of  two-inch  groundwater  wells  desig¬ 
nated  BAOl  through  BA03  have  also  been  repaired  with  a  ground  level  vault  so 
that  a  new  parking  lot  could  be  constructed.  Both  of  these  two  vault  boxes 
have  been  resurveyed  and  the  new  elevations  provided  herein. 


3.7  SUMMARY  OF  FIELD  PROGRAM 

Since  the  fall  of  1982,  a  series  of  hydrogeologic  investigations  and  ground- 
water  characterizations  have  been  performed  at  McChord  AFB  in  accordance  with 
Phase  II  of  the  USAF's  Installation  Restoration  Program.  Conducted  in  two 
stages,  these  investigations  have  been  initiated  in  response  to  suspected  or 
potential  environmental  impact  or  personnel  health  or  safety  affects  associ¬ 
ated  with  past  hazardous  waste  disposal  practices  identified  in  the  IRP  Phase 
I  record  search  report.  Table  4  presents  a  summary  of  the  total  IRP  Phase  II 
work  accomplished  to  date.  Geophysical  explorations  have  been  conducted 
across  more  than  22,000  feet  of  land  surface.  More  than  40  soil  borings  have 
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Table  A 


SUMMARY  OF  IRP  PHASE  II  FIELD  ACTIVITIES 
McCHORD  AIR  FORCE  BASE,  WASHINGTON 


Area 

Geophysical  Surveys 

Well  Installation 

Sample  Collection 

Other 

A 

Electrical  Resistivity 
(5  stations) 

Seismic  Refraction 
(5500  feet) 

6-2"  I.D.  Monitoring  Wells 
(S3-I02  feet) 

69  Soil  Samples  (Split  Spoon) 

Water  Samples: 

24  Volatile  Organics 

10  Base  Neutral  Organics 

10  Pesticides 

5  Phenols 

5  Cyanides 

6  Heavy  Metals 

Standard  Penetration  Test 
(6  monitoring  wells) 

Water  Table  Measurements 

pH,  Temperature,  Condu:- 
tance 

B 

Electrical  Resistivity 
(8  stations) 

Seismic  Refraction 
(4A00  feet) 

5-2"  I.D.  Monitoring  Wells 
(52-103  feet) 

1-2”  I.D.  Nested  Well 
(3  wells,  125-218  feet) 

100  Soil  Samples  (Split  Spoon) 

Water  Samples: 

20  Volatile  Organics 

17  Base  Neutral  Organics 

11  Pesticides 

8  Phenols 

8  Cyanides 

8  Heavy  Metals 

Standard  Penetration  Test 
(5  monitoring  wells) 

Water  Table  Measurements 

pH,  Temperature,  Conduc¬ 
tance 

C 

d-2"  I.D.  Monitoring  Wells 
(93-103  feet) 

1-2"  I.D.  Nested  Well 
(4  wells,  65-217  feet) 

4-6"  I.D.  Observation/Re¬ 
covery  Wells  (50  ft  each) 

84  Soil  Samples  (Split  Spoon) 

Water  Samples: 

28  Volatile  Organics 

14  Base  Neutral  Organics 

12  Pesticides 

7  Phenols 

7  Cyanides 

8  Heavy  Metals 

standard  Penetration  Test 
(4  aonltorlng  wells) 

Water  Teble  Measurements 

pH,  Temperature,  Conduc¬ 
tance 

Subaurface  Brine  Migration 
Study 

D 

Electrical  Resistivity 
(9  stations) 

Seismic  Refraction 
(12,500  feet) 

5-2"  I.D,  Monitoring  Wells 
(48-104  feet) 

5-6"  1.0.  Observation/Re¬ 
covery  Wells  (60  ft  each) 

51  Soil  Samples  (Split  Spoon) 

Water  Samples: 

65  Volatile  Organics 

11  Base  Neutral  Organics 

8  Pesticides 

6  Phenols 

6  Cyanides 

12  Heavy  Metals 

6  Water  Samples,  ALGT 

Standard  Penetration  Test 
(6  monitoring  wells) 

Water  Table  Measurements 

pH,  Temperature,  Condu.- 
tance 

E 

5-2"  I.D.  Monitoring  Wells 
(63-100  feet) 

81  Soil  Samples  (Split  Spoon) 

Water  Samples: 

17  Volatile  Organics 

7  Base  Neutral  Organics 

6  Pesticides 

5  Phenols 

5  Cyanides 

6  Heavy  Metals 

Standard  Penetration  Test 
(5  monitoring  wells) 

Water  Table  Measurements 

pH,  Temperature.  Conduc¬ 
tance 

Subsurface  Brine  Migration 
Study 

1 

1-2"  I.D.  Monitoring  Well 
(103  feet) 

21  Soil  Samples  (Split  Spoon) 

Water  Samples: 

2  Volatile  Organics 

2  Base  Neutral  Organics 

2  Pesticides 

1  Phenols 

1  Cyanides 

1  Heavy  Metals 

Standard  Penetration  Test 
(1  monitoring  well) 

Water  Table  Measurements 

pH,  Temperature,  Conduc¬ 
tance 

H 

1-2"  I.D.  Monitoring  Well 
(73  feet) 

6  Soil  Samples  (Split  Spoon) 

Water  Samples: 

3  Volatile  Organics 

2  Base  Neutral  Organics 

1  Pesticides 

1  Phenols 

I  Cyanides 

1  Heavy  Metals 

Standard  Penetration  Test 
( 1  monitoring  well) 

Water  Table  Measurement' 

pH,  Temperature,  CondiK- 
tance 

1-2"  I.D.  Monitoring  Well 
(  103  feet) 

6  Soil  Samples  (Spl  it  Spotm) 

Water  Samples: 

2  Volatile  Org.mics 

2  base  Neutral  Organiis 

2  Pesticides 

0  Phen«»ls 

0  Cvanides 

1  Heavy  Metals 

Standard  Penetration  Tv^^ 

( 1  monitor ing  well ) 

Water  Table  Measurerer.'.  - 

pH,  Temper, iture,  Ci'r.dj  - 
tan<  e 
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been  drilled  and  logged  and  44  monitoring  wells  cased.  Together,  the  informa¬ 
tion  has  been  used  to  define  regional  hydrogeologic  conditions  on  the  base  and 
to  Identify  those  areas,  both  on  and  off-base,  which  may  be  susceptible  to 
migrating  contamination.  Groundwater  monitoring  has  been  accomplished  in  all 
cased  wells.  Over  a  period  of  30  months,  more  than  200  groundwater  samples 
were  collected,  and  more  than  380  sample  analyses  were  performed  for  charac¬ 
terization  of  these  samples. 
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4.0  DISCUSSION  OF  RESULTS  AND  SIGNIFICANCE  OF  FINDINGS 


This  section  presents  the  results  of  all  field  survey  activities  conducted 
between  July  1983  and  March  1985  and  analytical  and  Interpretative  conclusions 
obtained  when  Integrating  chemical  characterizations  with  field  observations 
and  findings.  The  results  are  presented  by  geographic  area  and  site.  A 
summary  of  conclusions  at  the  end  of  this  section  provides  an  overview  of 
basewide  and  site  specific  findings. 

4.1  GEOLOGY  AND  SOILS  OF  McCHORD  AFB 

4.1.1  Geophysical  Explorations 

At  the  conclusion  of  the  IRP  Phase  II,  Stage  1  (Confirmation)  Investigation  a 
field  experiment  was  conducted  to  ascertain  the  success  of  seismic  refraction 
and  electrical  resistivity  geophysical  techniques  in  defining  the  presence  and 
depths  to  the  shallow  aquifer  water  table  and,  if  possible,  to  define  the 
spatial  extent  of  the  Vashon  Till  unit.  The  measurable  success  of  these  geo¬ 
physical  techniques  near  Well  CZOl  resulted  in  deployment  of  more  than  22,000 
lineal  feet  of  seismic  refraction  transects  and  22  electrical  resistivity 
arrays  during  the  Stage  2  investigations.  The  locations  for  the  geophysical 
explorations  are  shown  on  Figure  17.  These  survey  lines  were  selected  by  SAIC 
and  FSI  personnel  following  evaluation  of  the  Stage  1  investigations,  off-base 
studies  associated  with  the  Lakewood  Water  District  water  supply  wells  and 
private  water  supplies  in  the  American  Lake  Garden  Tract,  and  available  founda¬ 
tion  boring  logs  associated  with  construction  of  base  roadways  and  structures. 

Electrical  resistivity  results  are  summarized  in  Table  5.  Time  distance 
plots,  the  electrical  resistivity  curves,  and  the  resultant  geophysical  cross- 
sections  are  contained  in  Appendix  G.  (Note:  Full  scale  continuous  cross-sec¬ 
tion  drawings  are  available  upon  request  from  USAFOEHL,  Technical  Services.) 
The  accuracy  of  the  seismic  velocities  and  interpreted  depths  depends  upon  the 
scatter  of  the  time-distance  plots.  Typically,  the  seismic  velocities  are 
accurate  to  10  percent.  The  accuracy  of  the  electrical  resistivity  is  depend¬ 
ent  upon  the  scatter  of  the  apparent  resistivity  data  and  the  correlation  of 
he  raw  data  to  the  two-layer  characteristic  curves.  Depths  to  resistivity 
interfaces  are  also  typically  accurate  to  at  least  10  percent. 
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Figure  17 

SEISMIC  REFRACTION  LINES  AND  ELECTRICAL  RESISTIVITY  STATIONS  AT 
McCHORD  AIR  FORCE  BASE,  WASHINGTON 
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Table  5 

SUMMARY  OF  ELECTRICAI.  RESISTIVITY  RESULTS 
McCHORD  AIR  FORCE  BASE,  WASHINGTON 


Station 

Number 

Resistivity 

(ohm-f t) 

Elevation  of 
Interface  (ft) 

Layer  1 

Layer  2 

R1 

31,600 

1,600 

260 

R2 

59,600 

6,000 

264 

R3 

50,100 

2,500 

261 

R4 

12,700 

600 

263 

R5 

61,000 

3,000 

268 

R6 

2,700 

300 

260 

R7 

8,600 

900 

268  (est.) 

R8 

28,200 

1,400 

256 

R9 

30,900 

-0- 

277 

RIO 

6,500 

300 

282 

Rll 

17,600 

-0- 

242 

R12 

9,400 

1,000 

252 

R13 

49,000 

1,200 

253 

R14 

— 

— 

— 

R15 

23,400 

2,600 

254 

R16 

— 

— 

— 

R17 

5,700 

600 

240 

R18 

18,000 

-0- 

257 

R19 

20,000 

3,600 

275 

R20 

66,000 

1,600 

262 

R21 

18,700 

2,000 

253 

R22 

48,300 

3,800 

282 
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Results  from  the  seismic  refraction  survey  indicate  that  the  corapressional 
wave  velocity  of  the  surficial  material  ranges  from  1,100  to  4,000  ft/sec. 
This  material  overlies  material  with  a  corapressional  wave  velocity  of  6,000  to 
9,000  ft/sec.  In  sorae  cases,  a  third  layer  with  a  velocity  greater  than 
10,000  ft/sec  was  detected.  Table  6  is  a  summary  of  corapressional  wave  veloc¬ 
ities  measured  during  the  investigations  and  correlated  to  known  ge.'loglcal 
units  or  soil  types. 

The  data  in  Table  6  and  the  geophysical  cross-sections  in  Figures  G-2  through 
G-7  (Appendix  G)  indicate  that  the  surficial  material  is  dry  or  partllly 
saturated  Stellacoora  glacial  outwash.  Material  underlying  the  outwash  with  a 
velocity  greater  than  7,000  ft/sec  is  consolidated  Vashon  Till.  Since  the 
velocity  of  saturated  outwash  is  in  the  same  range  as  unconsolidated  till,  it 
is  not  possible  to  selsmically  distinguish  between  saturated  outwash  and  low 
velocity  till. 

The  electrical  resistivity  data  supplemented  the  seismic  refraction  survey 
results  in  those  areas  where  the  depth  to  the  top  of  the  water  table  was  un¬ 
certain.  The  resistivity  data  can  be  interpreted  using  typical  resistivity 
values  as  presented  in  Table  7.  These  data  suggest  that  material  with  a  re¬ 
sistivity  less  than  1,650  ohm/ft  is  saturated.  For  example,  in  Cross-Section 
B-B'  (see  Figures  G-3a  and  G-3b,  Appendix  G)  near  resistivity  Station  R9  and 
borehole  AZ06,  the  seismic  data  indicate  that  material  belov  elevation  268 
feet  MSL  could  be  saturated  outwash  or  till.  Since  the  resistivity  of  the 
layer  below  278  feet  is  0  ohm/ft  and  the  water  table  elevation  in  the  borehole 
is  271  feet,  the  most  probable  interpretation  is  that  the  6,000  to  6,300 
ft/sec  material  is  saturated  outwash.  It  is  not  possible  to  determine  the 
thickness  of  the  saturated  outwash  from  the  present  data. 

In  sorae  areas  electrical  resistivity  can  be  used  to  distinguish  saturated  till 
from  dry  till.  For  example,  in  Cross-Section  A-A'  (see  Figure  G-2)  the  seismic 
data  indicate  that  the  top  of  the  till  is  at  an  elevation  of  about  270  feet 
MSL  between  Stations  R5  and  R6.  The  resistivity  data  from  Stations  R5  and  R6 
indicate  that  the  top  of  the  water  table  is  approximately  10  feet  below  this 
Interface  at  an  elevation  of  260  MSL. 
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Table  6 


MAJOR  SOIL  nPES  AS  GEOLOGIC  UNITS  AND  ASSOCIATED 
COMPRESSIONAL  WAVE  VELOCITIES,  AS  MEASURED 
AT  McCHORD  AIR  FORCE  BASE,  WASHINGTON 


Material 

Velocity 

(ft/sec) 

Unconsolidated  Alluvium 

1,600  -  6,600 

Clay 

3,600  -  8,200 

Embankments  and  Fill 

1,300 

Unsaturated  Glacial  Sand 
and  Gravel  Outwash 

1,200  -  1,650 

Saturated  Glacial  Sand 
and  Gravel  Outwash 

5,000  -  6,500 

Unsaturated,  Unconsolidated 

Glacial  Till 

3,400  -  6,500 

Saturated,  Unconsolidated 

Glacial  Till 

5,000  -  6,500 

Consolidated  Glacial  Till 

>7,000 
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Since  the  electrical  resistivity  of  contaminated  water  is  less  than  the 
resistivity  of  fresh  water,  the  electric  resistivity  method  may  be  useful  for 
identifying  zones  of  potentially  contaminated  groundwater.  One  such  zone  is 
shown  in  Cros8~Section  E~E'  (see  Figure  G~5a  and  G“5b).  At  Station  Rll  the 
resistivity  of  the  second  layer  is  0  ohm/ft.  The  elevation  of  this  interface 
is  anomalously  low.  It  is  possible  that  the  groundwater  in  this  region  is  con¬ 
taminated.  Other  stations  which  have  zero  or  very  low  second  layer  resistivi¬ 
ties  are  R9  and  R18.  The  existence  of  contaminated  groundwater  in  these  areas 
has  been  confirmed  with  Station  R9  being  adjacent  to  Well  AZ06,  and  Station 
R18  being  in  the  American  Lake  Garden  Tract. 

In  general,  the  surface  of  the  till  is  Irregular.  In  some  cases  (see  Cross- 
Section  G-G',  Figure  G-7)  the  top  of  the  till  varies  by  more  than  10  feet  in 
500  feet.  There  are  also  several  areas  in  which  the  top  of  the  till  dips 
below  the  water  table.  For  example,  see  Cross-Section  E-E'  between  Stations 
Rll  and  R12  (Figure  G-5b).  These  areas  may  affect  the  regional  groundwater 
flow  by  providing  channels  of  high  permeability  in  overlying  recessional  out- 
wash  gravels. 

4.1.2  Borehole  Logging 

A  total  of  20  borings  were  made  during  the  Stage  2  field  program.  Eleven  of 
these  borings  were  made  with  hollow-stem  auger  and  allowed  for  split-spoon 
sampling  at  five-foot  intervals.  The  soil  cuttings  were  used  to  develop 
detailed  boring  logs.  These  logs  and  the  record  of  drilling  and  well  casing 
are  contained  in  Appendix  D.  The  borehole  logs  supplement  those  obtained  dur¬ 
ing  earlier  IRP  Phase  II  investigations,  development  of  base  water  supplies, 
and  off-base  groundwater  studies. 

Figure  18  identifies  the  orientation  and  boring  logs  used  to  construct  seven 
cross-sections  of  the  geology  beneath  McChord  AFB.  These  cross-sections  are 
presented  in  Figures  19  through  25.  A  brief  description  of  each  cross-section 
identifies  the  following  information. 

•  Cross-Section  A-A* ,  Boreholes  AZ04  to  BZ04  -  Aligned  in  an  east-west 
direction,  the  cross  section  reveals  the  glacial  till  unit  to  lie 
approximately  30  feet  below  the  ground  surface.  The  ground  surface 
mirrors  the  till  surface  and  reaches  a  high  in  Area  A  just  east  of 


70 


SAIL 


71 


Cenerdl  OJi^eclkio 


^  3  *  F? 


W'^r 


General  Direction 


75 


CcT^cral  Dlr«ctton 


77 


Cnnaral  Dkrection 


78 


the  liquid  fuels  bulk  storage  tanks.  The  water  table  Is  sloped 
towards  Area  A,  suggesting  that  groundwater  flow  Is  to  the  west. 
The  groundwater  table  approximates  or  Is  below  the  surface  of  the 
till  near  the  Area  A  wells,  as  was  also  Indicated  by  the  geophysical 
surveys  (see  Figure  G-3b,  Appendix  G).  The  unsaturated  till  extend¬ 
ing  above  the  water  table  may  act  to  trap  any  floating  contaminants 
beneath  the  liquid  fuels  bulk  storage  tank  farm.  Similarly,  float¬ 
ing  fuel  observed  In  Area  C  may  be  able  to  migrate  no  further  west 
than  a  position  near  "A"  Street  (see  Figure  18). 

•  Cross-Section  B-B* ,  Boreholes  AZ02  to  BZOl  -  Aligned  In  a  south-to- 
north  direction,  the  cross-section  Indicates  the  ground  surface  is 
falling  in  elevation  at  the  north  end  of  the  base  and  is  approaching 
the  elevation  of  the  till  surface.  The  till  unit  appears  to  be  80 
to  100  feet  thick.  The  Vashon  Till  unit  rises  above  the  water  table 
between  Borings  AZ02  and  AZ05,  and  again  between  Borings  BZ02  and 
BZOl.  A  broad  swale  In  the  till  unit  beneath  Clover  Creek,  plus 
multiple  layering  of  sands  and  gravels  within  the  swale,  suggests 
that  a  stream  channel  meandered  through  this  area  following  episodic 
floods  of  glacial  melt  waters.  Glacial  outwash  thickness  Is  only 
five  feet  at  the  north  end  of  the  base  and  approximately  30  feet 
near  Clover  Creek.  Water  table  elevation  Is  raised  near  Clover 
Creek  confirming  the  latter's  groundwater  recharge  characteristics. 
The  water  table  elevation  Is  less  variable  In  the  outwash  deposits 
near  Clover  Creek.  The  surface  of  the  groundwater  table  Is  falling 
In  elevation  as  one  proceeds  north. 

e  Cross-Section  C-C,  Boreholes  BZ03  to  FZOl  -  Aligned  in  a  northwest 
to  southwest  direction,  the  borehole  cross-section  reveals  that  the 
surface  of  the  glacial  till  unit  Is  generally  close  to  the  ground 
surface  and  covered  by  only  5  to  25  feet  of  outwash  sands  and  gra¬ 
vels.  Till  unit  thickness  varies  from  70  to  80  feet.  The  ground- 
water  table  has  an  apparent  gradient  of  approximately  12.9  ft/mlle 
in  a  northwest  direction  between  Wells  FZOl  and  BZ03,  and  is  influ¬ 
enced  by  the  presence  of  Clover  Creek. 

•  Cross-Section  D-D'  ,  Boreholes  AZ06  to  005  -  Aligned  in  a  north-to- 
south  direction,  this  cross-section  reveals  a  rise  In  the  elevation 
of  the  till  surface  as  one  moves  toward  the  north.  This  is  in 
agreement  with  cross-section  B-B'.  There  is  a  slight  slope  In  the 
water  table  with  the  apparent  direction  towards  the  southwest.  The 
glacial  till  unit  has  thinned  considerably  from  that  observed  in 
other  areas,  measuring  only  25  to  50  feet  in  thickness.  A  broad 
swale  has  been  cut  In  the  surface  of  the  till  and  Is  overlain  by  a 
layer  of  saturated  sands  and  gravels. 

•  Cross-Section  E-E',  Boreholes  BZ05  to  EZ02  -  Aligned  in  a  north  to 
south  direction,  the  geologic  logs  suggest  an  undulating  surface  to 
the  glacial  till.  The  swale  in  the  till  surface  between  borings 
BZ05  and  CZ03  is  on  alignment  with  Clover  Creek  and  that  evidenced 
in  Cross-Section  B-B'.  The  swale  between  Wells  CZ03  and  SZ02  is  on 
an  east-west  alignment  with  that  in  Cross-Section  D-D'.  The  till 
unit  Increases  in  thickness  from  20  feet  at  the  south  end  of  the 
base  to  70  or  more  feet  as  It  approaches  the  north  end  of  the  base. 
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Overlying  outwash  deposits  are  thicker  at  the  south  end  of  the  base. 
There  is  a  northward  slope  of  the  groundwater  table  to  a  point  near 
Clover  Creek  near  Well  CZ03,  at  which  point  the  apparent  gradient 
diminishes. 

•  Cross-Section  F-F' ,  Boreholes  EZ03  to  DZ03  -  Aligned  in  an  east- lo¬ 
west  direction,  the  geologic  logs  show  that  the  surface  of  the 
glacial  till,  the  ground  surface,  and  the  water  table  fall  in  eleva¬ 
tion  at  approximately  the  same  rates  as  one  progresses  westward 
across  the  base.  The  glacial  till  unit  may  only  be  40  feet  thick 
along  this  transect,  and  is  absent  altogether  in  borings  DZ06  and 
DZ07.  Thick  deposits  of  sands  and  gravels  are  found  on  top  of  the 
till  unit  near  the  Base  Housing  Gate. 

•  Cross-Section  G-G' ,  Boreholes  D04  to  HZOl  -  Aligned  in  a  southwest- 
to-northeast  direction  and  extending  across  the  base  from  the  Base 
Housing  Gate  to  the  extreme  north  end  of  the  Instrument  runway,  the 
geologic  logs  again  show  that  the  till  surface  rises  above  the  water 
table  in  the  vicinity  of  the  ordnance  storage  area.  The  absence  of 
slope  to  the  water  table  beneath  the  ordnance  storage  area  suggests 
groundwater  flows  in  a  direction  other  than  the  orientation  of  the 
cross-section.  Finally,  a  saturated  layer  of  gravelly  outwash  north 
and  east  of  Well  AZ02  forms  an  aquifer  in  direct  connection  to  the 
ground  surface. 


4.1.3  Summary  of  Base  Geology 

The  sum  of  the  geologic  cross-sections  shows  the  glacial  till  unit  to  be  spa¬ 
tially  extensive  but  discontinuous  across  much  of  McChord  AFB.  Figure  26  is  a 
conceptualization  of  the  surface  of  the  glacial  till  unit  taken  from  boring 
logs  and  the  geophysical  survey  findings.  The  unit  is  believed  to  be  both 
thinner  and  more  deeply  buried  by  recessional  outwash  in  the  south  end  of  the 
base  than  the  north  end.  The  till  unit  forms  a  massive  ridge  that  aligns 
north  and  south  beneath  the  Industrial  area  of  the  base.  The  northern  portion 
of  this  till  ridge  has  been  observed  to  be  above  the  seasonal  water  table. 

West  of  the  BNRR  tracks,  three  distinct  anomalies  in  the  till  are  believed  to 
exist.  The  absence  of  till  near  the  Base  Housing  Gate  and  below  the  north 
face  of  Westcott  Hills  may  serve  to  channel  and  divert  water  from  McChord  AFB 
westward  toward  the  Base  Housing  Area  or  the  American  Lake  Garden  Tract.  A 
second  cut,  possibly  more  meandering,  forms  another  trough  near  Ponders 
Corner.  Both  of  these  draws  may  be  remnant  buried  stream  channels  from  post 
glacial  episodes.  The  draws  themselves  are  30  to  50  feet  deeper  than  the 
adjoining  surfaces  of  the  glacial  till.  Boring  logs  indicate  the  channels  are 
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filled  with  unconsolidated  sands  and  gravels  and  are  likely  to  be  very  produc¬ 
tive  water-bearing  units.  Finally,  a  third  but  more  shallow  draw  across  the 
top  of  the  till  surface  may  exist  beneath  the  current  location  of  Clover 
Creek.  However,  the  till  unit  in  this  area  has  not  been  fully  eroded  and 
remains  60  to  80  feet  thick  (refer  to  Figure  20). 

Measured  groundwater  surface  elevations  are  highest  at  the  south  end  of  the 
runway  (approximate  elevation:  286  ft  MSL)  and  lowest  both  near  the  Base 
Housing  Gate  in  Area  D  (elevation:  260  ft)  and  in  Well  BZOl  (elevation:  251 
ft),  near  the  north  end  of  the  runway.  The  absolute  lowest  groundwater  levels 
are  likely  to  be  north  of  ordnance  storage  and  base  housing  (approximate  ele¬ 
vation:  251  ft)  based  upon  interpretation  of  the  electrical  resistivity  logs 
(see  Appendix  G).  The  water  table  falls  below  the  surface  of  the  glacial  till 
unit  in  the  central  and  northern  portions  of  the  base.  This  rise  of  the  till 
in  the  area  beneath  the  liquid  fuels  bulk  storage  tanks  may  cause  surface 
groundwaters  to  veer  in  two  directions:  one  to  the  north  and  the  other  to  the 
west  or  even  southwest. 

Recessional  outwash  sands  and  gravels  were  found  to  overlie  the  glacial  till 
in  all  wells.  In  the  majority  of  cases,  the  lower  15  to  25  feet  of  outwash  is 
in  the  saturated  zone.  This  outwash  is  very  permeable  and  provides  an  open 
conduit  to  groundwater  for  any  liquid  placed  or  spilled  on  the  ground  surface. 
Sand  lenses  interspersed  in  the  till  unit  and  breaches  or  discontinuities  in 
the  till  indicate  that  the  water-bearing  Steilacoora  outwash  deposits  and  the 
Esperance  sands  are  part  of  the  same  aquifer. 

4.2  GROUNDWATER  HYDROLOGY  AT  McCHORD  AFB 
4.2.1  Brine  Migration  Survey  Results 

Two  separate  brine  discharge  events  were  initiated  near  Wells  EZ02  and  CZOl  to 
simulate  spills  of  liquid  wastes  onto  the  ground  surface.  By  measuring  rapid 
changes  in  specific  conductance  in  nearby  monitoring  wells,  it  was  hoped  that 
an  estimate  could  be  developed  for  the  rate  and  direction  of  groundwater  flow. 
The  results  of  the  two  tests,  however,  are  not  conclusive. 
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Table  8  is  a  summary  of  measured  water  table  elevations  and  groundwater  pH, 
specific  conductance,  and  temperatures  as  measured  ^  situ  In  all  wells.  The 
data  summarize  more  than  440  Individual  readings  of  the  plezometrlc  surfaces, 
more  than  1,550  pH  readings,  3,558  specific  conductance  data  points,  and  more 
than  2,500  temperature  recordings.  The  data  presented  are  the  mean  values  and 
the  high  and  low  readings  of  record  for  each  well.  Vertical  profiles  for  each 
of  the  water  quality  parameters  at  extreme  low  and  extreme  high  data  of  record 
In  each  of  the  wells  tested  are  presented  in  Appendix  E. 

The  brine  migration  teats  are  inconclusive  because  the  salinity  in  almost  all 
monitoring  wells  reached  its  maximum  during  October  1983  following  the  dumping 
of  brine.  In  most  instances,  this  Increase  In  conductance  is  believed  to  be  a 
seasonal  occurrence  as  the  water  table  drops  and  groundwater  flow  rates  sub¬ 
side.  Lowered  flow  rates  and  less  dilution  means  greater  residence  time  in 
the  soil  matrix  and  greater  dissolution  of  salts  and  minerals.  Across  the 
base  and  almost  without  exception,  groundwater  conductance  increased  by  30  to 
50  percent.  The  wells  expected  to  show  increased  specific  conductance  did  so 
within  a  matter  of  days.  Tabulated  specific  conductance  as  presented  in  Appen¬ 
dix  E  show  that  Wells  EZ02,  EZ04,  EZ05,  CZOl,  CZ04,  and  CZ05  had  measurable 
changes  in  specific  conductance  above  the  seasonal  natural  variability.  How¬ 
ever,  changes  measured  in  other  wells  are  not  sufficiently  large  or  timely  to 
correlate  with  the  discharge  of  the  brine. 

Despite  the  above  shortcomings,  the  data  are  not  without  merit.  Groundwater 
entering  base  property  from  the  southeast  has  a  specific  conductance  of  80  to 
110  mlcromhos  per  centimeter.  By  the  time  the  water  crosses  the  base  and 
leaves  it  north  and  west  of  the  industrialized  operational  apron,  specific  con¬ 
ductance  has  increased  by  40  to  60  micromhos  per  centimeter.  A  comparison  of 
groundwater  conductivity  as  measured  in  those  wells  closest  to  being  "upgradl- 
ent"  of  base  activities  (i.e..  Areas  E,  F,  and  possibly  J)  and  those  wells 
known  to  be  downgradlent  or  In  the  midst  of  groundwater  pollution  sites  shows 
that  Area  C  causes  a  80  to  100  point  rise  in  specific  conductance  as  water 
moves  from  Well  EZOl  to  Wells  CZ03,  CZOl,  and  CZ05.  Base  activities  in  Area  B 
have  a  less  pronounced  effect,  perhaps  causing  a  20-  to  40-point  rise.  Area  D 
wells  near  the  Base  Housing  Gate  have  elevated  specific  conductance.  Comparing 
groundwater  data  collected  in  the  D  wells  to  those  in  Areas  E  or  J,  the  spe¬ 
cific  conductance  has  at  least  doubled  as  the  water  flows  through  Area  D. 
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MEASUREMENTS  OF  PIEZOMETRIC  SURFACES  AND  IN  SITU  pH,  SPECIFIC 
CONDUCTANCE,  AND  TEMPERATURE  IN  MONITORING  WELLS 
McCHORD  AIR  FORCE  BASE,  WASHINGTON 


Specif ic 
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Area  H  has  an  elevated  conductance.  The  cause  for  this  Is  uncertain.  Simi¬ 
larly,  a  number  of  abnormal  specific  conductance  readings  in  Area  A  leads  to 
uncertain  interpretations.  The  lowest  specific  conductance  readings  on  the 
base  are  recorded  in  Wells  AZOl  and  AZ02,  while  the  highest  are  in  Wells  AZ03 
and  AZOA.  Well  AZ03  had  wide  swings  in  specific  conductance,  while  Well  AZ04 
consistently  had  the  highest  readings  on  base. 

4.2.2  Monitoring  of  Piezometric  Surfaces 

Table  8  presented  the  numerical  means  and  seasonal  low  and  high  groundwater 
table  elevations  as  recorded  during  the  Stage  2  Investigations.  When  exam¬ 
ined,  the  data  show  that  the  water  table  varies  by  as  much  as  nine  feet  from 

the  seasonal  late  summer  low  to  the  mid-winter  highs.  However,  a  closer  evalu¬ 
ation  of  the  data  suggests  that  base  activities  may  be  responsible  for  any  sea¬ 
sonal  changes  in  water  table  fluctuations  in  excess  of  two  feet. 

Wells  EZ()2,  FZOl,  and  HZOl  are  the  wells  closest  to  being  upgradient  and  farth¬ 
est  from  any  base  activities.  In  all  cases,  the  range  between  the  seasonal 
low  and  seasonal  high  water  table  is  two  feet  or  less.  Wells  placed  near 

leach  pits  (e.g.,  AZOl,  AZ06,  CZOl,  and  CZ05),  adjacent  to  Clover  Creek  (e.g., 

BZ03,  CZ03,  and  CZ04) ,  or  kettle  depressions  which  receive  both  natural  runoff 
aid  Air  Force  washdown  (e.g.,  EZ04  and  EZ05)  generally  have  the  highest  range 
in  water  table  elevations.  Wells  BZOl,  BZ02,  BZ06,  and  DZ07  have  high  varia¬ 
bility  in  water  table  elevations,  perhaps  because  they  have  the  lowest  water 
table  elevations  of  all  wells  on  base  and  are  most  influenced  by  the  additive 
effects  of  increased  infiltration  from  precipitation  and  the  daily  discharge 
of  washdown  and  other  waters. 

Figure  27  portrays  the  groundwater  table  elevations  and  contours  as  measured 
3  March  1983  in  all  monitoring  wells  on  McChord  AFB  and  the  American  Lake 
(Larden  Tract.  Figure  28  identifies  possible  vectors  of  groundwater  flow  and 
computed  gradients.  The  major  flow  gradients  are  to  the  northwest  and  west 
towards  Clover  Creek,  the  Ponders  Corner  area,  and  the  American  Lake  Garden 
Tract.  These  trends  and  the  geologic  formations  which  cause  them  were  pre- 
senttul  earlier  in  the  cross-section  analysis  of  the  borehole  logs  and  observed 
water  table  elevations.  That  groundwater  flow  near  the  water  table  is  split 
into  multiple  paths  may  be  caused  by  the  till  ridge  that  is  at  or  above  the 
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water  table  In  portions  of  Areas  A,  B,  and  D.  In  addition,  a  pitch  in  the 
water  surface  may  cause  water  which  would  be  expected  to  flow  northwest  towards 
Ponders  Corner  to  instead  flow  more  west  and  even  southwest  towards  the 
American  Lake  Garden  Tract.  Evidence  to  support  this  hypothesis  includes  a 

2.3  ft/mile  gradient  in  a  southwest  direction  from  Well  DR05  to  Well  DZ06. 
Finally,  the  absence  of  till  in  borings  drilled  near  the  Base  Housing  Gate  and 
within  the  American  Lake  Garden  Tract  may,  as  previously  suggested,  create  a 
channel  of  highly  permeable  glacial  outwash  which  locally  influences  the  direc¬ 
tion  and  rate  of  groundwater  movement.  The  magnitude  of  these  affects  are  not 
evident,  however,  in  part  due  to  the  spatial  limitations  of  available  data. 

4.2.3  Summary  of  Base  Hydrogeology 

Interpretations  of  water  table  measurements  and  borehole  cross-sections  lead 
to  the  conclusion  that  regional  groundwater  flow  is  in  a  northwest  direction, 
but  that  groundwater  flow  at  the  surface  of  the  upper  aquifer  is  split  into  at 
least  three  major  flow  lines  that  must  move  around  a  relatively  Impermeable 
glacial  till  ridge  that  rises  in  the  center  of  McChord  Air  Force  Base.  The 
movement  of  groundwater  north  and  west  in  the  vicinity  of  the  industrial  opera¬ 
tions  is  indicated  by  findings  that  specific  conductance  increases  with 
distance  in  a  northward  direction.  Similarly,  specific  conductance  is  much 
higher  in  a  westward  direction,  and  hence  downgradient ,  of  landfills  in  Area 

As  a  final  effort  in  determining  groundwater  flow  directions,  the  groundwater 
surface  elevations  were  plotted  by  computer  to  project  a  three-dimensional 
surface  for  visual  confirmation  of  flow  directions  and  slopes.  Figure  29  is  a 
projection  of  the  water  table  as  viewed  from  the  southwest  corner  of  the 
American  Lake  Garden  Tract  and  looking  northeast  across  the  entire  base  to 
Well  HZOl  near  the  north  end  of  the  runway.  The  lowest  point  on  the  projec¬ 
tion  is  EPA  Well  W7 ,  while  the  highest  point  is  Well  EZ02  in  the  southeast  cor¬ 
ner  of  the  base.  The  apparent  peaks  in  the  middle  of  the  projection  are  water 
table  data  from  wells  in  Area  A  and  portions  of  Areas  B  and  C.  The  raised 
groundwater  table  mirrors  the  elevated  glacial  till.  Beyond  the  till  is  a 
trough  that  flows  north  towards  Well  BZOl.  Figure  30  is  a  southeast  to  north¬ 
west  projection  of  the  water  table  which  better  defines  the  existence  of  the 
groundwater  trough  flowing  towards  Well  BZOl.  The  till  ridge  that  occludes 
groundwater  flow  is  to  the  left  and  behind  the  peaks  near  Well  AZO 1 .  This 
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Figure  29 

COMPUTER  PROJECTED  GROUNDWATER  TABLE  AT  McCHORD  AFB 
18  February  1985 

(Southwest  to  Northeast  Projection) 
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Figure  30 

COMPUTER  PROJECTED  GROUNDWATER  TABLE  AT  McCHORD  AFB 
18  FEBRUARY  1985 

(Southeast  to  Northwest  Projection) 
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second  projection  also  makes  more  clear  the  fact  that  the  water  table  in  Area  D 
and  the  American  Lake  Garden  Tract  is  lower  than  any  other  area  of  the  base. 

4.3  GROUNDWATER  CHEMICAL  CONTAMINATION 
4.3.1  Contaminants  of  Concern 

Each  monitoring  well  was  sampled  according  to  procedures  described  in  Section 
3.5  of  this  report.  All  samples  were  iced,  sealed  in  coolers,  and  shipped  by 
express  air  freight  for  next  day  delivery  to  the  SAIC  Trace  Environmental 
Chemistry  Laboratory  in  La  Jolla,  California.  Sample  preparation  and  chain-of- 
custody  procedures  are  described  in  Appendix  I,  along  with  a  photocopy  of  one 
of  more  than  50  chain-of-custody  logs  used  in  the  project.  All  chain-of- 
custody  logs  are  archived  with  the  analytical  results  at  both  SAIC's  labora¬ 
tory  and  project  office.  All  data  were  reviewed  for  completeness  and  quality 
control  in  the  laboratory  and  once  again  upon  receipt  by  project  staff  at 
SAIC's  Bellevue  office.  Summaries  of  all  analytical  results  are  contained  i'i 
Appendix  F.l  while  QA/QC  summaries  for  the  volatile  organics,  base  neutral 
compounds,  and  pesticides  and  PCBs  are  contained  in  Appendices  F,2  through 
F.4.  QA/QC  procedures  for  trace  metal  analyses  included  preparation  of 
Internal  standards  by  adding  the  standards  directly  to  the  groundwater  sample. 
These  procedures  check  and  compensate  for  matrix  effects,  thereby  eliminating 
the  posslblity  that  reported  metal  concentrations  would  be  dependent  on  the 
particular  sample  matrix. 

The  summary  tables  in  Appendix  F.l  present  confirmed  and  quantified  analyte 
concentrations  as  measured  in  all  monitoring  wells.  The  raw  data  from  which 
these  tables  were  generated  consist  of  quantification  reports  and  chromato¬ 
grams  for  all  field  samples,  field  and  laboratory  blanks,  and  spiked  samples 
and  other  internal  standards.  These  data  are  contained  In  a  separately  bound 
700-page  document  on  file  at  the  offices  of  the  USAFOEHL  at  Brooks  AFB,  the 
Bioenvironmental  Engineer  at  McChord  AFB,  and  the  SAIC  project  manager. 

All  Phase  II  Stage  1  monitoring  wells  were  sampled  and  analyzed  for  the  126 
priority  pollutants  as  defined  by  EPA.  Any  other  contaminants  were  also 
Identified  and  quantified  during  the  gas  chromatography  and  mass  spectrometry 
(GC/MS)  analyses.  Stage  2  monitoring  and  analytical  schedules  emphasized 
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verification  and  quantification  of  groundwater  contamination  by  volatile 
organics,  base  neutral  compounds,  chlorinated  pesticides,  and  random  sampling 
for  heavy  metals. 

Table  9  is  a  summary  of  selected  chemical  and  physical  properties  of  compounds 
detected  in  groundwater  samples  collected  during  the  Phase  II  investigations. 
The  chemical  and  physical  properties  shown  in  Table  9  are  those  currently  used 
in  the  enforcement  of  occupational,  safety  and  health  standards;  in  resource 
management  and  design;  and  enforcement  of  environmental  protection  issues 
(Macklson  et  al.,  1981;  Hawley,  1981;  Sax,  1984). 

Several  of  the  contaminants  measured  in  base  groundwater  samples  are  toxic  and 
persistent.  The  compounds  are  frequently  toxic  or  Injurious  by  Ingestion, 
inhalation,  or  skin  absorption  upon  contact  when  in  their  state  as  a  stock 
feed  or  raw  chemical.  A  fire  or  explosion  potential  exists  for  many  of  the 
raw  materials.  When  present  in  the  groundwater,  however,  environmental  or 
human  health  risks  are  usually  reduced  to  concerns  over  ingestion  of  contami¬ 
nated  groundwater.  The  U.S.  EPA  has  establlshea  drinking  water  criteria 
Intended  to  reduce  the  degree  of  risk  associated  with  potable  water  supplies. 
Table  10  is  a  summary  of  current  and  proposed  water  quality  standards.  The 
proposed  recommended  maximum  contaminant  levels  (RMCLs)  of  zero  or  one  micro¬ 
gram  per  liter  for  several  of  the  volatile  organics  have  not  yet  been  finalized 
by  the  U.S.  EPA.  In  their  stead,  the  Tacoma-Plerce  County  Health  Department 
and  the  Washington  Department  of  Social  and  Health  Services  are  currently 
recommending  drinking  water  health  risk  concentration  levels  of  2.7  ug/ 1  for 
trichloroethylene  and  27  ug/1  for  1 ,2-trans-dichloroethylene.  Concentrations 
of  chemicals  in  excess  of  recommended  concentrations  have  been  measured  in 
some  monitoring  wells  at  McChord  AFB. 

The  objectives  of  the  IRP  Phase  II  investigation  include  detection  and  confir¬ 
mation  of  contamination  and,  where  possible,  source  identification.  Later 
sections  present  more  definitive  analyses  of  the  data  and  seek  to  Identify 
sources.  However,  a  general  review  of  the  types  of  contaminants  identified 
and  reported  Air  Force  uses  of  these  chemicals  is  presented  below. 

a  Chlorinated  Pesticides  -  These  chemicals  are  used  extensively  for 
insect  control  and  are  generally  both  toxic  and  persistent.  Most 
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SELECTED  PROPERTIES  OF  CHEMICAL  COMPOUNDS 
DETECTED  IN  GROUNDWATER  AT  McCHORD  AFB,  WASHINGTON 
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*ING  ■  Ingestion;  IHN  ■  Inhalation;  ABS  -  Absorption;  MCL  •  Maxiaum  Contaminant  Level 
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pesticides  are  generally  insoluble  in  water  and  must  be  thinned  and 
carried  in  a  solvent  or  petroleum.  Pesticide  contamination  may  be 
indicative  of  less  than  optimal  pesticide  application  practices  or 
failure  to  properly  rinse  pesticide  containers  prior  to  their  dis¬ 
posal.  In  recent  years  the  Air  Force  has  been  attempting  to  control 
weed  and  insect  proliferation  using  nonchemical  methods  wherever 
practical.  Rototilling  of  weeds  and  brush  in  the  south  por-.,on  of 
the  base  in  1983  is  an  example  of  this  control  practice. 

s  Heavy  Metals  (e.g.,  Cr,  Pb,  Ag)  -  Chromium  can  enter  the  soil  and 
groundwater  through  improper  storage  or  disposal  of  industrial 
wastes  from  machining  operations,  liquid  or  sludge  plating  wastes, 
and  landfill  leachate.  Lead  can  be  an  Indicator  of  the  intrusion 
into  groundwater  of  industrial  wastes,  leaded  fuels,  or  landfill 
leachate.  Silver  is  widely  used  in  photographic  applications. 

Arsenic  and  mercury  are  frequently  used  in  insecticides  and  herbi¬ 
cides,  or  in  preservatives.  Copper  and  zinc  have  many  industrial 
uses,  and  can  be  corrosion  byproducts  caused  by  low  alkalinity  in 
potable  water  supplies,  a  problem  quite  common  in  the  Puget  Sound 
area. 

e  Volatile  Halocarbons  and  Aromatics  -  Hydrocarbons,  either  straight 
chain  or  cyclic,  are  ubiquitous  in  the  solvents,  degreasing  agents, 
and  protective  coatings  commonly  used  for  aircraft  and  engine  main¬ 
tenance  and  other  base  industrial  applications.  The  liquid  fuel 
used  by  high  performance  aircraft,  vehicles,  and  other  combustion 
uses  all  contain  a  complex  mix  of  hydrocarbons  which  can  impose  a 
health  threat  or  environmental  impact  if  released. 


4.3.2  Groundwater  Chemical  Characterizations  in  Area  A  (Sites  1,  2,  4,  34, 
and  46) 

Area  A  is  located  in  the  north-central  portion  of  the  base.  It  is  bounded  by 
the  base  property  line  and  McChord  Avenue  to  the  north  (see  Figure  31).  It  is 
generally  bounded  on  the  east  by  the  Burlington  Northern  Railroad  (BNRR) 
tracks.  By  IRP  definition,  the  area  extends  west  across  Bridgeport  Way  to 
include  the  marshes  and  wetland  areas  locally  referred  to  as  Milburn  Pond. 
Major  activities  within  Area  A  are  currently  limited  to  liquid  fuels  bulk  stor¬ 
age  and  liquid  fuels  distribution  by  truck  filling  stands  immediately  east  of 
the  BNRR  tracks.  IRP  sites  rated  by  HARM  Include  a  burial  pit  and  surface 
dump  near  and  within  Milburn  Pond,  a  reported  50,000  gallon  JP-4  fuel  spill 
east  of  the  BNRR  tracks,  and  bulk  storage  fuel  containment  activities  includ¬ 
ing  oil/water  separator  and  leach  pit  infiltration  to  groundwater  and  past 
practices  of  draining  and  drying  aircraft  fuel  filters  (a  practice  stopped  in 
1982)  on  a  gravel  pad  west  of  and  outside  of  the  bulk  storage  tank  farm.  The 
tank  farm  itself  was  upgraded  in  1984  to  include  a  more  permanent  liner  on  all 
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berms  and  the  floors  of  the  containment  cells.  Finally,  because  of  remedial 
Investigation  activities  north  and  west  of  this  area  in  response  to  the 
contamination  of  the  Lakewood  Water  District's  Wells  H-1  and  H-2,  one  must 
also  consider  the  location  of  Site  4  located  west  of  Area  A.  The  IRP  Phase  1 
report  indicates  Site  4  was  a  burial  site  for  solid  wastes  and  was  in  opera" 
tion  for  more  than  20  years.  There  are  no  known  records  which  indicate  that 
any  hazardous  wastes  were  disposed  of  in  this  landfill. 

IRP  Phase  II  activities  have  Included  the  construction  of  six  monitoring  wells 
around  the  bulk  storage  facilities  and  repeated  sampling  of  groundwater  from 
each.  Table  11  presents  a  summary  of  Area  A  groundwater  monitoring  results. 
This  table  summarizes  the  complete  IRP  Phase  II  sampling  data  contained  ir. 
Appendix  F.l 

The  reader  should  note  that  this  and  subsequent  chemistry  summaries  identify 
the  number  of  samples  collected  from  each  well  for  predetermined  analytical 
tests  and  identifies  in  parentheses  the  number  of  times  that  a  reported  chemi¬ 
cal  analyte  was  identified.  A  dashed  line  in  lieu  of  a  numerical  value  indi¬ 
cates  that  the  analyte  was  not  detected  in  any  of  the  sampling  events. 
Finally,  the  reported  mean  chemical  concentration  is  the  sum  of  the  reported 
contaminant  concentrations  divided  by  the  total  number  of  samples  taken,  and 
not  just  the  number  of  samples  with  confirmed  contaminant  presence.  For 
example,  assume  five  samples  were  taken  and  analyzed  for  volatile  organics. 
If  two  of  the  samples  had  measurable  chloroform  at  4  and  6  ug/1  and  three 
samples  tested  showed  no  presence  of  chloroform,  the  mean  of  the  data  would  be 
presented  as  2  ug/1  [or  more  specifically  2(2)]  based  upon  five  being  the 
number  of  samples  taken  and  two  being  the  number  of  samples  with  measurable 
chloroform.  This  approach  to  data  interpretation  accepts  undetected  chemical 
analytes  as  not  being  present,  and  hence  a  concentration  of  zero.  The  end 
result  may  be  a  reported  mean  concentration  less  than  analytical  detection 
limits  if  an  analyte  was  detected  infrequently  and  then  at  low  concentrations. 

Wells  AZOl  and  AZ06,  located  west  and  north  of  the  bulk  storage  tanks,  respec¬ 
tively,  yield  consistently  high  contaminant  levels  for  benzene,  toluene,  and 
xylene  compounds.  These  hydrocarbons  are  found  in  fuels  used  in  the  base 
mission.  Well  AZOl  always  has  a  strong  odor  of  petroleum  product  in  the  well 
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Table  11 


IRP  PHASE  II  CONFIRMED  GROUNDWATER  CONTAMINANT  T^'PES  AND  CONCENTRATIONS 
IN  AREA  A,  McCHORD  AIR  FORCE  BASE,  WASHINGTON 
(Concentrations  as  ,-g/l  unless  otherwise  noted) 


f  r  ?ionltorint  W«ll  I.P.  "luabT 


Coapound  Class  or  ^aae 

AZOl 

AZ02 

AZ03 

AZ04 

AZ05 

VOLATILE  ORGANICS 

Nuaber  of  Saaples: 

to 

1 

4 

2 

1 

Acetone 

24  (1) 

.. 

.. 

benaene 

595  (10) 

tr 

tr  (2) 

tr  (1) 

.. 

Chloroform 

6.1  (7) 

tr 

3.1  (1) 

.. 

0  i  b  r  oaoc  h  1  o  roae  t  hane 

tr  (J) 

*• 

.. 

1 .2<'Dichloroethane 

tr  (1) 

Cthylbenaene 

3.670  (10) 

.. 

tr  (1) 

tr  (1) 

2-Heaanooc 

66.1  (1) 

.. 

tr  (1) 

2*Nethy Inaphtha lone 

96  8  O) 

.. 

.. 

Methylene  Chloride 

3.715  (5) 

330 

62.6  (4) 

*0.7  (1) 

22.9 

4 -Met hy I • 2-Fen tanone 

M  (1) 

.. 

tr  (1) 

Naphthalene 

7.415  (7) 

.. 

.. 

1 >2-Trans  Dichloroethylene 

.. 

.. 

tr  (1) 

tr 

1 , 1 .1-Trichloroethane 

1.4  (1) 

— 

tr  Cl) 

tr  (1) 

14.2 

Toluene 

1.297  (9) 

tr 

tr  (3) 

tr  (1) 

10.7 

Vinyl  Acetate 

18.1  (1) 

.. 

M.F- Xylene 

20.653  (10) 

.. 

11  1  (1) 

0-Xylene 

1.626  (9) 

— 

— 

H.6  (1) 

— 

ACIDS  AND  OTIStS 

Nuaber  of  Saaples: 

2 

1 

1 

0 

0 

Cyanide 

<10  (1) 

<20 

2 . 4 - D iae t hy 1 pheno I 

18  (2) 

.. 

e 

e 

2-Nitrophenol 

tr  (1) 

1 

& 

Phenol  (Acid  Fraction) 

207  (2) 

... 

3 

Phenol  (Total) 

845  (2) 

48 

92 

-I 

a 

a 

8ASE  NCLTtAL  ORGANICS 

N(«ber  of  Saaples: 

5 

1 

2 

1 

1 

Acenapthene 

tr  (1) 

„ 

Acenaphthalene 

tr  <23 

— 

butyl  iensvl  Phthalate 

.. 

.. 

2-Chloronaphtha lene 

tr  (2) 

— 

01-N-8utyl  Phthalate 

tr  (1) 

.. 

.. 

tr  (1) 

Diethyl  Phthalate 

tr  (1) 

tr 

.. 

_ 

2,6-Oinitrocoluene 

1.3  <l) 

Fluorene 

tr  (2) 

.. 

.. 

N-Nltroaodl-N-Propy Laaine 

5.7  (1) 

•• 

.. 

Phenanthrene 

tr  (1) 

.. 

.. 

Naphthalene 

142  (3) 

— 

— 

.. 

.. 

PtSTICIDCS  ^n|  U 

NiAber  of  Saaplea: 

4 

1 

1 

1 

1 

Aldritt 

11.5  (3) 

.. 

Alpha-8HC 

7.5  (2) 

8eta-8HC 

3  (1) 

.. 

Delta-8HC 

7.5  (1) 

.. 

•• 

,, 

0aMU-8HC 

^8  (3) 

.. 

.. 

4.4'-DDE 

<l.)  (1) 

.. 

.. 

4,4'-DDT 

<5  (2) 

.. 

P.P-ODT 

<2.5  (1) 

.. 

20 

Endoaulfan 

5  (1) 

... 

.. 

Al pha- Endo  su 1 f  an 

.. 

beta 'Endosul fan 

.. 

__ 

Endosulfan  Sulfate 

.. 

. , 

Endrin  Aldehvde 

5  (U 

Heptachior 

— 

— 

— 

— 

HEAVY  METALS  «Total  lYil  iltered) 

NiAber  of  Saaples: 

1 

1 

1 

1 

1 

Ant iaonv 

.. 

•• 

Arsen  ic 

<137.5 

1.280 

1.200 

<41 

231 

bervll  isM 

.. 

6 

1 

Cadaiitf 

5.6 

2 

1 

3 

1.7 

L.hroaiua 

1.096 

715 

25 

60 

296.5 

Clipper 

31.5 

594 

103 

127 

335 

Iron 

31.5 

— 

.. 

.. 

231.060 

Lead 

19.057 

94 

17 

0.27 

>8.1 

her -urv 

<0.005 

0.500 

0.160 

0.15 

0.303 

Nickel 

233 

450 

66 

0.13 

«99 

SelenitM 

<210 

577 

30 

<210 

Silver 

.. 

1 

Thallli* 

1 

.. 

.  . 

Zinc 

— 

200 

75 

0.11 

««4 

2.0)0  (2) 
15)  'f>) 
tr  (2) 


256  (6) 
tr  (1) 

25.6  (1) 
28. 8  (S> 
12. «  (4) 

46.7  <2) 
tr  (1) 
tr  (1) 

253  ()) 
tr  (1) 
830  (6) 
700  (6) 


I 

<20 


tr  <1) 


16)  (2> 


2  (1) 
3  (1) 


8  <1> 


5  a) 
3  <1) 
5  <I> 


20  «2) 


I 


<210 

533 

11.8 

2.9 

733.8 

:.«o:.s 

527.t»..0 
106.6 
0.6»5 
822 
<210 
1.7 
3.2 
;  .0!.. 


4.  Th«  '\%mb*T  In  94renth«s««  indtc4C4s  th«  ni«b«r  -.aaplvs  in  which  the  cow^und  wnt  4*t*ct«d.  Th* 

••an  concentration  t»  the  oua  of  the  reported  contaainant  concent  rat  Ions  divided  by  the  total  nuaber 
wnples.  **n’'  is  alwnvs  less  than  or  equal  to  '*!!**. 

b.  Oashed  lines  (  — )  indicate  not  detected  at  reported  detection  lialts  (see  Appendices  F.2*F.4). 

c.  Trace  level  concentrations  indicate  presence  but  at  concentrations  belou  quantitation  levels. 
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casing,  and  the  water  samples  are  always  covered  by  a  thin  layer  of  fuels. 
Stained  soils  were  noted  during  drilling.  Well  AZ06  Is  equally  contaminated 
based  upon  analytical  results. 

Wells  AZOl  and  AZ06  also  contain  trace  levels  of  several  of  the  chlorinated 
pesticides,  higher  concentrations  of  phenolic  compounds,  and  large  but  highly 
variable  concentrations  of  heavy  metals.  Repeated  presence  of  aldrln  and 
gamma- benzene  hexachlorocyclohexane  (g-BHC)  within  Well  AZOl  and  of  A,4'-DDT 
across  four  of  the  wells  hydraulically  downgradlent  of  the  bulk  fuels  storage 
area  suggests  these  chemicals  may  have  been  applied  by  the  USAF  In  the  open 
spaces  near  the  tank  farm  and  truck  fill  stands.  Free  draining  outwash  soils 
would  allow  their  migration  to  groundwater.  However,  historical  records  at 
McChord  AFB  Civil  Engineering  Entomology  and  personal  recollection  of  people 
who  have  worked  on  the  base  since  the  early  1960s  reveal  no  Indication  that 
aldrin  has  ever  been  used  on  base  property.  The  origin  of  the  phenolic  com¬ 
pounds  is  less  certain  and  may  be  associated  with  past  practices  of  draining 
filters  and  disposing  of  tank  bottoms  onto  gravel  pads  approximately  200  feet 
south  and  west  of  Well  AZOl. 

Some  of  the  heavy  metals,  particularly  the  elevated  lead,  chromium,  and  zinc 
concentrations  in  Wells  AZOl  and  AZ06,  may  be  a  consequence  of  historical 
practices  of  disposing  tank  sludges  on  the  ground  surface  west  of  the  tank 

farm.  The  heavy  metals  data  have  not  been  replicated,  however,  so  the 
information  as  reported  should  be  considered  preliminary.  Metals  data  in 
Wells  AZOl  through  AZOA  were  from  unflltered  samples  collected  in  the  Stage  I 

investigation.  High  arsenic  in  these  wells  and  high  iron  in  Wells  AZ05  and 

AZOb  may  be  associated  with  suspended  particulates  in  the  water  samples.  The 
latter  two  wells  in  particular  were  difficult  to  develop  and  flush  due  to  low 
yield  and  shallow  construction  in  the  Vashon  Till  unit. 

Groundwater  contamination  is  less  pronounced  in  monitoring  Wells  AZ02  through 
AZ05.  Well  AZ05  has  been  abandoned  and  closed  (see  Section  3.6).  Some  of  the 
same  volatile  organics  have  been  identified  in  these  wells  as  in  AZOl  and 

AZOb,  but  at  greatly  reduced  concentrations  and  frequency  of  occurrence. 
Methylene  chloride  concentrations  in  Wells  AZ03,  AZOA,  and  AZ05  generally  do 
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not  exceed  field  blank  results.  Measured  petroleum  hydrocarbons  in  Well  AZ04 
may  be  associated  with  proximity  to  the  tank  farm  leach  pit  or  historical 
drainage  of  filters  and  tank  bottoms. 

Contamination  of  groundwater  in  Area  A  may  be  a  consequence  of  past  liquid 
fuels  management  practices  and  pesticide  applications  near  railroad  and  bulk 
storage  and  distribution  facilities.  Once  hydrocarbons  were  observed  to  be 
floating  on  groundwater  as  measured  at  Well  AZ06,  the  McChord  AFB  Bloenvlron- 
mental  Engineer  met  with  local  and  state  health  officials  to  alert  them  to 
potential  effects  of  off-base  migration  of  contaminants.  With  approval  of  the 
local  agencies,  the  McChord  AFB  Clinic  conducted  a  door-to-door  survey  and 
sampling  of  private  domestic  water  supplies  in  the  area  north  of  the  tank 
farm.  This  study  encompassed  primarily  that  area  between  McChord  Avenue  and 
Clover  Creek,  and  Bridgeport  Way  and  the  BNRR  tracks.  The  results  of  this 
survey  indicated  that  there  was  no  known  contamination  of  private  water  supply 
by  volatile  organics  of  the  type  identified  in  the  Area  A  wells  (Waterhouse, 
1983).  A  review  of  available  well  logs  for  homes  in  the  area  suggest  that 
none  of  the  wells  have  screen  zones  above  the  Vashon  Till  unit  and  that  most 
screen  zones  are  50  or  more  feet  below  the  ground  surface  (Bergstrom,  1983). 
The  presence  of  well  screens  below  the  till  unit  and  not  in  overlying  reces¬ 
sional  outwash  is  consistent  with  interpretations  of  the  geophysical  data 
along  McChord  Drive  and  northward  to  Clover  Creek  (see  Section  4,2). 

Geophysical  Investigations  and  monitoring  and  mapping  of  the  piezometric 
surface  in  the  area  indicate  that  the  water  table  and  the  top  of  the  Vashon 
Till  unit  are  at  approximately  the  same  elevation.  Geophysical  data  suggest, 
furthermore,  that  in  some  areas  the  surface  of  the  till  is  actually  above  the 
elevation  of  the  water  table.  This  phenomenon  is  also  suggested  by  the  several 
cross-sections  of  boring  logs  which  extend  to  or  cross  through  Area  A  (see 
Figures  19,  20,  22,  and  25).  The  presence  of  this  geologic  unit  close  to  the 
ground  surface  makes  for  a  very  low  water  yield  in  any  type  of  well  which  does 
not  penetrate  below  the  bottom  of  the  till  unit  (e.g..  Well  AZ05  in  particu¬ 
lar).  At  the  same  time,  this  unit  will  act  to  retard  the  migration  of  immi¬ 
scible  compounds  or  chemicals  with  low  solubility.  Most  of  the  fuel-derived 
chemicals  are  generally  insoluble,  and  most  have  specific  gravities  less  than 
water  (see  Table  9).  Floating  on  the  water  table,  they  remain  trapped  behind 
the  barrier  of  the  cemented  glacial  till  formation. 
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The  spatial  extent  of  the  groundwater  contamination  in  Area  A  does  not  appear 
to  be  overly  large>  Based  upon  groundwater  characterization  in  samples  col¬ 
lected  from  the  IRP  wells,  plus  the  approximated  presence  of  the  high  glacial 
till  unit  in  the  immediate  vicinity,  it  is  estimated  that  the  zo'.e  of  contami¬ 
nation  lies  within  a  200  to  300-foot  radius  of  the  oil/wate.'  separator  and 
leach  pit  located  at  the  northwest  corner  of  the  bulk,  fuels  storage  area.  The 
weathered  appearance  of  the  petroleum  on  samples  collected  in  Well  AZOl  sug¬ 
gests  that  the  contamination  is  historical.  This  is  consistent  with  findings 
in  the  Phase  I  report  which  concluded  after  discussions  with  personnel  assigned 
to  the  liquid  fuels  shop  that  there  is  no  known  loss  of  fuel  in  either  the 
incoming  privately-owned  fuel  pipeline  which  parallels  the  BNRR  or  in  Air  Force 
bulk  storage  or  distribution  lines  (CH2M  HILL,  1982). 

4.3.3  Groundwater  Chemical  Characterizations  in  Area  B  (Sites  38,  40,  41,  47, 
52,  53.  and  55) 

Area  B  encompasses  the  northern  one-third  of  the  industrial  and  operational 
activities  associated  with  aircraft  maintenance  and  flight  operations  (see 
Figure  32).  Major  activities  include  aircraft  skin  maintenance  (cleaning, 
stripping,  painting)  and  engine  repair  and  overhaul.  Seven  major  hangars 
(Buildings  1164  to  1170)  face  "C"  ramp.  Eight  waste  disposal  or  spill  sites 
were  identified  within  the  area,  four  each  east  and  west  of  "C"  ramp.  Fuel 
spills,  a  leaking  AVGAS  fuel  line,  leaking  POL  and  hydraulic  fluids,  and  a 
burial  site  for  caustic  soda  are  located  east  of  "C"  ramp.  Waste  POL,  oil 
from  an  overflowing  oil/water  separator,  fuel  and  solvent  spills  within  and 
between  Buildings  1164  and  1170,  and  a  scrap  metal  and  construction  rubble 
burial  site  are  located  west  of  the  ramp.  The  scrap  metal  and  rubble  disposal 
sites  were  not  HARM  ranked  because  no  hazardous  wastes  are  believed  buried 
therein. 

The  most  significant  concerns  with  the  above  waste  activities  include  a  large 
(estimated  25,000  gallons)  loss  of  undefined  fuel  type  near  the  southeast  cor¬ 
ner  of  "C"  ramp,  and  chronic  spills  and  other  discharges  of  fuel  to  the  ground 
surface  near  aircraft  defuellng  tanks  east  of  "C"  ramp.  How  much  of  this  fuel 
was  lost  to  the  ground  and  perhaps  the  groundwater  is  unknown.  A  review  of 
spill  incident  reports  for  the  period  1981  through  1984  reveal  a  total  of  462 
fuel  spills  occurred  across  the  entire  flightline  industrial  operations.  The 
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spill  records  also  suggest  that  about  20  spills  occur  each  year  in  Area  B 
which  Includes  MAC  ramps  "B,"  "C,"  and  "J."  During  that  period  of  record,  the 
average  quantity  of  fuel  spilled  per  event  was  8.8  gallons.  Given  the  fre¬ 
quency  of  spills,  approximately  175  gallons  of  mostly  JP-4  fuels  are  spilled 
each  year  on  the  operational  aprons  in  Area  B.  However,  a  100-gallon  JP-4 
spill  occurred  at  the  north  end  of  the  Area  B  on  26  April  1981,  and  two  days 
later  a  75-gallon  JP-4  spill  occurred  within  a  nose  dock  in  Building  1164. 

IRP  Phase  II  activities  in  Area  B  have  included  the  performance  of  approxi¬ 
mately  4,400  lineal  feet  of  seismic  refraction  surveys  along  the  north  base 
perimeter  road  (17th  Street).  This  survey  extends  eastward  from  "A"  Street 
and  proceeds  to  a  point  east  of  the  end  of  the  instrument  runway.  There  is  a 
break  in  the  survey  line  in  the  area  of  the  North  Gate  access  road.  Eight 
electrical  resistivity  arrays  were  placed  along  this  line.  The  geophysical 
data  suggest  that  the  water  table  and  the  top  of  the  Vashon  Till  are  close  to 
the  ground  surface  across  much  of  Area  B.  In  selected  spots,  both  the  geo¬ 
physics  data  and  the  well  boring  cross-sections  (see  Figure  20)  suggest  that 
unsaturated  glacial  till  rises  above  the  elevation  of  the  water  table. 

Six  borings  were  drilled  in  Area  B,  all  during  the  Stage  1  reconnaissance 
survey  and  all  on  Air  Force  property.  One  boring  was  drilled  to  a  depth  of 
218  feet.  The  lower  of  the  two  aquifers  was  confirmed  at  this  depth.  A  nest 
of  three  wells  was  placed  in  this  boring:  one  screened  in  the  lower  aquifer 
and  two  screened  in  the  surface  aquifer.  Five  additional  two-inch  ID  monitor¬ 
ing  wells  were  constructed.  Well  locations  were  selected  based  on  suspected 
locations  of  waste  disposal  sites  and  the  probable  direction  of  groundwater 
flow  as  then  understood  in  1982.  Well  BZ04,  however,  was  located  to  serve 
more  as  a  control  well  and  representative  of  base  line  groundwater  quality. 
Late  in  the  Stage  2  investigations,  it  was  noted  that  Well  BZ03  appeared  to 
have  been  irreparably  damaged  after  being  stuck  by  a  car  or  truck.  While  It 
can  be  sounded  for  water  table  elevations,  a  bailer  or  other  sampling  tool 
cannot  be  lowered  into  the  well  suggesting  separation  or  bending  of  the  PVC 
casing  below  the  ground  surface.  Attempts  should  be  made  to  straighten  the 
well;  otherwise  it  should  be  closed  in  accordance  with  state  regulations. 
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More  than  30  water  samples  were  collected  from  the  Area  B  wells.  Many  of 
these  samples  were  tested  for  the  126  priority  pollutants  and  any  other 
contaminants  as  quantified  by  GC/MS  technology.  Table  12  presents  a  summary 
of  analytical  results  for  all  samples  taken  in  Area  B.  Trace  levels  of  ben¬ 
zene  and  toluene  at  concentrations  below  1  ug/1  are  detected  in  all  wells,  but 
generally  in  not  more  than  one  sample  occurrence.  Phenol  was  measured  in  many 
of  the  wells,  with  the  highest  concentration  (58  ug/1)  occurring  in  Well  BZOl 
at  the  north  end  of  the  base.  The  presence  of  phenol  has  not  been  confirmed, 
however,  through  replicated  sampling. 

Methylene  chloride  was  also  detected  in  all  wells  and  in  almost  all  samples. 
Groundwater  concentrations  of  methylene  chloride  as  measured  during  Stage  2 
sampling  range  between  15  and  50  ug/1.  These  values  are  lower  than  summarized 
on  Table  12  and  reported  In  Appendix  F.l  because  samples  analyzed  during 
Stage  1  studies  have  been  confirmed  to  be  artificially  high  due  to  interfer¬ 
ences  in  the  SAIC  laboratory  at  the  time  of  analysis.  Following  the  first  of 
the  Stage  2  sampling  events,  the  SAIC  lab  underwent  a  major  rehabilitation  of 
its  ventilation  system.  In  addition,  methylene  chloride  is  no  longer  allowed 
on  the  same  floor  where  volatile  organic  samples  are  extracted  or  analyzed. 
Sample  and  QA/QC  data  now  Indicate  that  laboratory  interferences  have  been 
eliminated . 

Aldrin  and  isomers  of  DDT  or  its  degradation  products  are  found  at  measurable 
but  unconfirmed  concentrations  in  the  deeper  wells  (BA01-BA03).  Only  trace 
concentrations  of  these  pesticides  were  detected  in  the  shallow  wells.  Heavy 
metal  data  obtained  during  the  Stage  I  investigations  show  a  bias  towards  par¬ 
ticulate-bound  heavy  metal  cations.  The  samples  were  not  filtered  prior  to 
analysis,  and  sampling  has  not  been  replicated.  In  general,  the  deeper  wells 
screened  in  formations  free  of  the  glacial  till  fines  have  much  lower  heavy 
metal  concentrations.  A  notable  exception  is  the  apparent  ubiquity  of  arsenic 
and  selenium  in  the  environment.  These  elevated  concentrations  remain  unex¬ 
plained. 
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Table  12 


IRP  PHASE  II  CONFIRMED  GROUNDWATER  CONTAMINANT  TYPES  AND 
CONCENTRATIONS  IN  AREA  B,  McCHORD  AIR  FORCE  BASE,  WASHINGTON 
(Concentrations  as  yg/l,  unless  noted) 


Groundwater  Monitoring  Well  l.D.  Number 


Compound  Class  or  Name 

BZOl 

B202 

BZ03 

BZ04 

BZ05 

BAOl 

BA02 

BA03 

VOUTILE  ORGANICS 

Number  of  Samples: 

3 

3 

«4 

■> 

“ 

2 

3 

1 

Benzene 

0.84  (3) 

2.18  (2) 

tr  (4) 

tr  (2) 

0.96  (1) 

1.4  (2) 

0.9  (2) 

1.71 

Chloroform 

CM 

tr  (1) 

3.5  (4) 

tr  (1) 

0.34  (1) 

5.6  (2) 

0.8  (n 

0.81 

1 , 1-Dichloroethane 

— 

tr  (2) 

— 

— 

— 

tr  (1) 

1.5  (li 

Methylene  Chloride 

203  (3) 

25.4  (3) 

84.1  (4) 

136.8  (2) 

61.2  (2) 

217  (3) 

166.6  (2) 

6.64 

Trlchlorofluorome thane 

3.1  (1) 

tr  (1) 

— 

— 

— 

— 

Toluene 

tr  (2) 

tr  (3) 

tr  (1) 

tr  (1) 

tr  (3) 

tr  (2) 

0.38 

Vinyl  Acetate 

„ 

5.6  (1) 

— 

— 

-- 

M,P-Xylene 

tr  (1) 

tr  (1) 

— 

" 

— 

tr  (1) 

tr  (1) 

““ 

0-Xylene 

tr  (1) 

tr  (1) 

" 

— 

— 

tr  (1) 

tr  (1) 

1 , 1 , 1-Trichloroethane 

— 

tr  (1) 

— 

““ 

““ 

ACIDS  AND  OTHERS 

Number  of  Samples; 

1 

1 

1 

1 

1 

1 

1 

1 

Cyanide 

<20 

<20 

<20 

<20 

— 

<20 

— 

Phenol  (Total) 

38 

17 

6 

<5 

5 

5.3 

6.8 

BASE  NEUTRAL  ORGANICS 

Number  of  Samples: 

3 

2 

5 

3 

1 

2 

3 

1 

Butyl  Benzyl  Phthalate 

9.6  (1) 

5.21  (1) 

— 

— 

— 

— 

1  (1) 

" 

Di-N-Butyl  Phthalate 

tr  (1) 

tr  (1) 

tr  (3) 

tr  (1) 

— 

tr  (2) 

2.3  (1) 

1.09 

N-Nitrosodlphenylamlne 

— 

— 

— 

tr  (1) 

0.7  (1) 

— 

Naphthalene 

— 

— 

tr  (1) 

•• 

•• 

■* 

PESTICIDES  (ng/1) 

Number  of  Samples: 

2 

1 

1 

1 

1 

2 

1 

Aldrin 

— 

— 

13 

28  (1) 

125  (1) 

120 

Delta-BHC 

<3  (1) 

„ 

— 

— 

" 

— 

4,4'-DDD 

23  (1) 

„ 

” 

<10 

— 

— 

4,4'-DDE 

— 

— 

<5 

— 

— 

— 

— 

— 

4,4'-DDT 

— 

— 

<10 

" 

<10 

6  (1) 

5  (1) 

<10 

P,P-DDT 

— 

— 

— 

— 

-- 

6  (1) 

— 

— 

Alpha-Endosulfan 

5  (1) 

— 

— 

— 

" 

" 

— 

— 

Methoxychlor 

12 

— 

" 

— 

— 

-- 

— 

— 

HEAVY  METALS  (Total 

Unf  altered) 

Number  of  Samples: 

1 

1 

1 

1 

1 

1 

1 

1 

Arsenic 

1.160 

789 

51 

429 

268 

783 

456 

672 

Beryllium 

6 

4 

2 

1 

— 

v 

1 

Cadmium 

11 

4 

' 

1 

2 

1 

1 

1 

Chromium 

669 

319 

14 

220 

104 

6 

19 

25 

Copper 

578 

348 

16 

1 ,000 

93 

5 

25 

28 

Lead 

93 

83 

8 

29 

14 

3 

7 

18 

Mercury 

0.79 

0.32 

0.04 

0.29 

0.8 

0.02 

0.06 

0.09 

Nickel 

535 

251 

13 

206 

101 

2 

17 

22 

Selenium 

552 

309 

50 

189 

92 

30 

42 

Silver 

1 

— 

" 

— 

— 

Thallium 

1 

1 

— 

— 

— 

— 

-- 

Zinc 

796 

380 

42 

212 

101 

22 

8 

30 

- 

NOTES:  a.  The  number  In  parentheses  ("n")  indicates  the  number  of  samples  in  which  the  compound  was  detected.  The  ^ 
mean  concentration  is  the  sum  of  the  reported  contaminant  concentrations  divided  by  the  total  number  (  N  ) 
of  samples,  "n"  is  always  less  than  or  equal  to  "N". 

b.  Dashed  lines  ( — )  indicate  not  detected  at  reported  detection  limits  (see  Appendices  F.2-F.4). 

c.  Trace  level  concentrations  indicate  presence  but  at  concentrations  below  quantitation  levels. 
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4.3.4  Groundwater  Chemical  Characterizations  In  Area  C  (Sites  12,  33,  37,  42, 
45.  54.  57.  58,  60,  61,  and  62) 


Area  C  encompasses  the  middle  third  of  the  industrial  and  operational  activi¬ 
ties  associated  with  aircraft  maintenance  and  flight  operations  (see  Figure 
33).  The  area  is  crescent  shaped  and  includes  all  of  MAC  "D"  ramp  activities 
and  wash  rack  and  fuellng/defueling  facilities  located  between  "C"  and  "D" 
ramps.  A  total  of  11  potential  hazardous  waste  sites  were  identified  in  the 
Phase  I  report.  Seven  of  the  sites,  all  of  which  were  fuel  or  industrial 
waste  spills  or  sites  of  liquid  waste  disposal  to  the  ground  surface,  were 
ranked  using  the  HARM  methodology.  Area  G  is  also  located  on  Figure  33  and 
represents  a  number  of  liquid  waste  disposal  and  spill  sites  located  in  the 
vehicle  maintenance  area.  Dry  wells  were  known  to  receive  waste  fuel,  POL, 
and  solvents.  In  addition,  an  underground  gasoline  tank  is  suspected  to  have 
leaked  as  much  as  30  gallons  per  day  of  fuel  during  the  19508  for  an  unknown 
period  of  time  (CH2M  HILL,  1982). 

Numerous  leach  pits  or  dry  wells  were  located  around  the  major  hangar  and  main¬ 
tenance  shops.  These  leach  pits  were  used  to  dewater  plating  tank  sludges  and 
accommodate  floor  drain  water  infiltration,  overflow  from  Industrial  waste 
oil/water  separators,  and  for  direct  disposal  of  hydraulic  fluids,  waste  oils, 
and  solvents.  Site  54,  a  leach  pit  for  industrial  wastes  and  wash  rack  run¬ 
off,  received  a  HARM  score  of  80.  This  score  represents  the  highest  HARM 
score  of  all  sites  rated  at  McChord  AFB.  Air  Force  records  confirm  that  a 
wide  variety  of  solvents,  alkaline-base  detergents,  paint  removers,  and  corro¬ 
sion-removing  compounds  may  have  been  disposed  of  through  the  separator  and 
leach  pit. 

In  addition  to  the  leach  pits,  numerous  fuel  spills  have  occurred  in  the  area. 
The  Phase  I  report  suggests  that  fuel  spills  of  1,000  gallons  or  more  occurred 
with  a  frequency  of  once  in  five  years.  Smaller  spills,  typically  less  than 
40  gallons  per  event,  and  the  disposal  of  50  to  100  gallons  of  waste  fuels  and 
POL  occurred  monthly.  Base  records  for  the  period  1981  through  1984  report 
approximately  15  JP-4  fuel  spills  per  year  in  Area  D.  These  spills  were  not 
more  than  25  gallons  per  event  and  were  typically  less  than  five  gallons.  The 
spills  were  frequently  a  result  of  overfilling,  fuel  expansion,  and  Inoperable 
or  not  fully  seated  valves. 
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Figure  33 

AREAS  C  AND  G  WASTE  DISPOSAL  SITES 
AND  IRP  PHASE  II  MONITORING  WELL  LOCATIONS 
McCHORD  AIR  FORCE  BASE,  WASHINGTON 
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There  were  no  geophysical  studies  conducted  in  Area  C  other  than  a  small  test 
section  of  seismic  refraction  profiling  completed  during  Stage  1  investiga¬ 
tions  near  Well  CZOl.  The  success  of  this  test  led  to  the  extensive  seismic 
and  electrical  resistivity  studies  previously  detailed.  In  the  absence  of 
geophysical  data,  groundwater  monitoring  well  placement  in  Area  C  has  pro¬ 
ceeded  in  three  stages.  Four  boreholes  (CZOl  through  CZ04)  were  drilled 
during  Stage  1  based  upon  recommendations  made  in  the  Phase  I  report  and 
ongoing  remedial  activities  by  McChord  AFB  personnel  at  Sites  61  and  62,  the 
abandoned  leach  pits  for  plating  wastes.  Well  casings  were  successfully 
installed  in  all  borings  except  C02,  where  hydrostatic  pressures,  formation 
heaving  and  collapse  of  the  unconsolidated  gravels  prevented  installation  of 
the  PVC  casing.  Lastly,  a  nested  well  was  drilled  to  216  feet  below  grade  and 
was  fitted  with  four  two-inch  PVC  well  casings.  One  of  the  wells  is  screened 
in  the  lower  aquifer.  Two  wells  are  screened  below  and  one  is  screened  above 
the  glacial  till  unit  in  the  upper  aquifer. 

Stage  1  groundwater  monitoring  Identified  groundwater  contamination  in  Area  C, 
particularly  between  "C"  and  "D”  ramps.  As  a  consequence.  Well  CZ05  was 
placed  hydraulically  downgradient  (i.e.,  north)  of  Well  CZOl.  Fuel-enriched 
soils  were  noted  during  drilling  in  the  zone  near  the  water  table.  Once  the 
well  was  completed  and  developed  (by  air  lift),  routine  sounding  and  balling 
of  the  well  confirmed  fuel  floating  on  the  groundwater  surface.  A  sample  of 
the  floating  fuel  was  taken  21  October  1983  and  sent  to  the  USAF  Energy 
Management  Laboratory  in  Mukilteo,  Washington.  The  laboratory  performed 
several  tests  using  such  methodologies  as  IR  scan,  capillary  GC,  and  atomic 
adsorption.  The  laboratory  report  indicates  that  the  floating  fuel  material 
consists  primarily  of  straight  chain  hydrocarbons,  has  few  substituted  aro¬ 
matics,  and  has  a  lead  content  of  about  1.4  grams  per  gallon.  As  such,  it  Is 
hypothesized  by  the  laboratory  that  the  floating  fuel  is  a  mixture  of  leaded 
gasoline  (possibly  AVGAS)  and  diesel  fuel  (McKlntosh,  1983). 

The  floating  fuel  cap  on  top  of  the  water  table  has  varied  in  thickness  from 
approximately  17  inches  in  October  1983,  to  one  inch  in  February  1985.  The 
thickness  of  the  fuel  layer  fluctuates  with  the  rise  and  fall  in  water  table 
elevation  in  the  Immediate  area.  Yaniga  (1984)  encountered  this  phenomenon 
during  oil  spill  cleanup  efforts  and  reports  that  an  oil  layer's  thickness 
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will  be  at  Its  maximum  when  the  water  table  Is  stable  and  not  changing. 
Summertime  lowering  of  the  water  table  appears  to  allow  the  fuel  to  pool  In 
the  area  of  Well  CZ05.  This  pooling  would  Infer  that  the  fuel  is  trapped  in 
the  area.  This  trapping  is  consistent  with  the  conceptualization  that  a  till 
ridge  acts  as  a  restrictive  barrier  north  and  west  of  Areas  B  and  C  (see 
Figure  26).  This  pooling  effect  is  also  consistent  with  the  fact  that  the 
fuel  is  highly  weathered  and  possibly  of  AVGAS  origin,  a  fuel  not  used  on  the 
base  for  approximately  20  years. 

No  contemporary  source  of  the  fuel  in  Well  CZ05  can  be  implicated.  The  Site 
5A  leach  pit  near  the  MAC  "D"  ramp  oll/water  separator  may  have  been  the 
origin  of  this  fuel.  So  too,  however,  were  reported  fuel  spills  at  Site  47 
near  "C"  ramp.  Site  37  by  "D"  ramp.  Site  42  at  the  refueling  docks,  and  the 
unranked  (by  HARM)  spill  of  2,000  gallons  of  AVGAS  at  Site  45  near  Well  CZ03. 
The  absence  of  detected  fuels  in  Weil  CZ03  (although  methane  gas  was  observed 
during  drilling)  could  be  a  consequence  of  migration  of  spilled  fuel  away  from 
Well  CZ03  towards  Well  CZ05.  This  direction  is  consistent  with  regional 
groundwater  flow  and  that  described  in  Section  4.2. 

In  response  to  the  discovery  of  floating  fuel  in  Well  CZ05,  the  USAF  amended 
the  SAIC  scope  of  work  to  Install  four  large  diameter  wells  between  Well  CZ05 
and  "C"  ramp.  These  wells  would  serve  both  as  observation  and  monitoring 
wells  during  Phase  II  studies,  and  as  drawdown  or  recovery  wells  during 
possible  IRP  Phase  IV  remedial  response  efforts.  No  fuels  or  fuel-stained 
soils  were  observed  during  drilling  of  these  four  boreholes.  However,  fuel 
odors  were  noticed  during  drilling  of  Wells  CROl  and  CR02  north  and  northeast 
of  Well  CZ05.  These  two  wells  have  subsequently  yielded  groundwater  with  con¬ 
taminants  at  trace  level  concentrations  of  the  same  type  confirmed  to  be  pre¬ 
sent  in  Well  CZ05.  Groundwater  from  Wells  CR03  and  CR04  have  not  yet  indi¬ 
cated  hydrocarbon  contamination. 

Table  13  presents  a  summary  of  all  IRP  Phase  II  groundwater  monitoring  data 
taken  in  the  12  Area  C  monitoring  wells.  Table  14  is  a  separate  summary  of 
contaminants  measured  in  Well  CZ05.  This  well  was  sampled  only  once  because 
of  the  high-level  contamination  and  difficulty  in  obtaining  an  unbiased  water 
sample  below  the  floating  fuel  layer. 
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IRP  PHASE  II  CONFIRMED  GROUNDWATER  CONTAMINANT  TYPES  AND  CONCENTRATIONS  IN  AREA 
McCHORD  AIR  FORCE  BASE,  WASHINGTON  (Concentrations  as  ug/1 ,  unless  noted) 


Table  14 


CONFIRMED  GROUNDWATER  CONTAMINANT  TYPES  AND  CONCENTRATIONS 
IN  MONITORING  WELL  CZ05  AT  McCHORD  AFB,  WASHINGTON* 


BASE  NEUTRAL  ORGANICS  (yg/1) 

PESTICIDES  (ng/1) 

Acenaphthylene 

27.9 

Aldrin 

Acenaphthene 

4.40 

Alpha  BHC 

Anthracene 

178.1 

Beta  BHC 

Benzo (A)Anthracene 

0.66 

Delta  BHC 

Benzo(B) Fluoranthene 

0.30 

P,P'-DDD 

Benzo (K) Fluoranthene 

0.29 

P,P'-DDE 

Butyl  Benzyl  Phthalate 

22.7 

P,P'-DDT 

4-Chlorophenyl  Phenyl  Ether 

8.27 

Endrin 

Chrysene 

0.78 

Dieldrin 

Dibenzofuran 

8.01 

Alpha  Endosulfan 

Dibutylphthalate 

24.38 

Beta  Endosulfan 

1 ,3-Dichlorobenzene 

4.09 

Endosulfan  Sulfate 

1 ,4-Dichlorobenzene 

9.74 

Endrin  Aldehyde 

3,3' -Dichlorobenz idine 

3.24 

Heptachlor 

Diethyl  Phthalate 

10.31 

Heptachlor  Epoxide 

2 ,4-Dinitrophenyl 

30.1 

Fluoranthene 

1.03 

2-Methylnaphthalene 

1,799.5 

Naphthalene 

192.1 

Phenanthrene 

24.88 

Pyrene 

0.28 

HEAVY  METALS 

(Total) (yg/1) 

Arsenic 

<137.5 

Cadmium 

5.6 

Chromium 

1,096.0 

Copper 

31.5 

Lead 

19,057.0 

Mercury 

<5.0 

Nickel 

233.0 

Selenium 

<210.0 

*Based  upon  one  sampling  event.  Sampling  was  discontinued  because  of  inter 
Terences  caused  by  thick  fuel  layer. 


Area  C  groundwater  analyses,  with  the  exception  of  Well  CZ05,  show  little 
contamination  by  base  neutral  organics,  chlorinated  pesticides,  cyanide,  or 
phenols.  Di-N-butylphthalate  was  Identified  in  all  wells  during  a  single 
Stage  1  sampling  event,  and  then  at  concentrations  generally  less  than  2  ug/1. 
Stage  2  sampling  did  not  confirm  the  presence  of  this  contaminant  in  any  of 
the  wells  tested.  The  presence  of  very  low  concentrations  of  aldrin  and  DDT 
isomers  was  indicated  in  both  Stage  1  and  Stage  2  of  Phase  II  sampling. 

Heavy  metals  are  elevated  in  Well  CZ05.  These  results  may  be  biased  by  the 
high  heavy  metal  (e.g.,  lead)  content  of  the  fuels,  the  floating  layer  of 
which  had  to  be  passed  through  when  the  bailer  was  lowered  into  the  well.  The 
high  fuel  content  in  the  sample  required  multiple  dilutions  which  when 
corrected  result  in  abnormally  high  detection  limits.  Stage  1  data  from  Wells 
CZOl,  CZ03,  and  CZ04  represent  a  measure  of  total  heavy  metals  and  are  likely 
to  be  Influenced  by  fine  suspended  particulates  and  bound  heavy  metals.  Water 
samples  from  Wells  CROl  through  CR04  were  filtered  prior  to  anlysls.  The 
uniformly  low  heavy  metal  burdens  in  these  groundwater  samples  suggest  the 
absence  of  any  significant  contamination  by  heavy  metals.  This  should  be 
confirmed,  however,  by  metal  analyses  on  filtered  groundwater  samples  from  all 
wells. 

Groundwater  contamination  in  Area  C  appears  to  be  most  impacted  by  the  vola¬ 
tile  organics.  All  monitoring  wells  between  or  near  MAC  ”C”  and  MAC  "D"  ramps 
have  at  least  trace  level  contamination  by  benzene,  chloroform,  methylene 
chloride,  and  toluene.  The  same  chemicals  plus  trichloroethylene  have  been 
detected  in  multiple  observations  in  the  nested  Wells  CAOl  through  CA04.  Out¬ 
side  of  Wells  CZOl  and  CZ05  which  are  known  to  be  influenced  by  the  pooled 
fuel,  the  areas  and  zones  of  highest  methylene  chloride  (specific  gravity 
1.34)  and  trichloroethylene  (specific  gravity  1.46)  contamination  are  in  the 
nested  well  at  the  top  of  the  lower  aquifer  (Well  CAOl)  and  near  the  Interface 
of  the  glacial  outwash  and  top  of  the  till  (Well  CA04). 

Again,  however,  many  of  the  samples  were  analyzed  during  Stage  1  studies  and 
the  average  concentrations  may  be  artificially  high  due  to  possible  introduc¬ 
tion  of  methylene  chloride  in  the  lab.  Data  results  from  testing  during  Stage 
2  show  methylene  chloride  concentrations  to  be  in  the  range  of  70  to  100  ug/1. 
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The  source  of  these  solvent  contaminants  is  likely  to  be  from  one  or  more  of 
the  leach  pits  in  Area  C.  However,  the  contamination  could  also  be  associated 
in  part  with  historical  fuel,  POL  and  waste  solvent  discharges  and  spills  in 
Area  G,  the  vehicle  maintenance  area  not  yet  investigated  during  the  IRP  Phase 
II  activities,  or  with  that  confirmed  in  Area  A  near  the  bulk  fuel  storage 
tanks  (see  Section  4.3.2).  Trichloroethylene,  however,  has  not  been  Identified 
in  either  Area  A  or  other  Area  C  monitoring  wells,  possibly  indicating  a  very 
localized  (e.g.,  Area  G)  or  off-base  source.  Well  CZ04,  despite  being  located 
across  Clover  Creek  from  "C"  and  "D"  ramp  activities,  exhibits  low  level  ben¬ 
zene,  methylene  chloride,  and  toluene  contamination.  This  contamination  may 
be  associated  with  that  confirmed  north  of  Building  745  and  the  wash  rack 
because  of  similarities  In  chemical  type  and  groundwater  movement. 

4.3.5  Groundwater  Chemical  Characterizations  in  Area  D  (Sites  5,  6,  7,  26,  35, 
and  39) 

Area  D  is  located  west  of  the  Burlington  Northern  Railroad  right-of-way  and 
extends  from  the  tracks  west  toward  Westcott  Hills  on  Lincoln  Boulevard  (see 
Figure  34).  The  original  IRP  boundaries  of  Area  D  were  drawn  about  two  large 
base  landfills  (Sites  5  and  7)  and  one  smaller  landfill  (Site  6).  Site  39  was 
a  liquid  fuels,  POL,  and  solvents  burn  trench  located  in  landfill  No.  5.  A 
fifth  site  (No.  35)  within  the  Area  D  boundaries  is  a  reported  burial  site  for 
low-level  radioactive  wastes. 

Preliminary  investigations  conducted  during  IRP  Phase  II  (Stage  1)  included 
the  placement  of  two  wells  (DZOl  and  DZ02)  northwest  of  the  Area  D  landfills. 
The  wells  were  drilled  into  a  dense  lens  of  glacial  till  and  yielded  very 
little  water.  Monitoring  results  indicated  little  contamination  other  than 
that  represented  by  heavy  metals  which  were  then  suspected  to  be  particulate- 
bound  and  not  soluble  heavy  metals.  Due  to  the  absence  of  confirmed  organic 
or  inorganic  contamination,  no  further  studies  in  Area  D  were  recommended  at 
the  conclusion  of  the  Stage  1  Investigations. 

Ongoing  regional  groundwater  studies  (Brown  and  Caldwell,  1983)  and  EPA  inves¬ 
tigations  of  contaminated  water  supplies  in  the  American  Lake  Garden  Tract 
(Ecology  and  Environment,  1983)  led  to  IRP  Phase  II  (Stage  2)  studies  west  of 
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Figure  34 

AREA  D  WASTE  DISPOSAL  SITES  AND 
IRP  PILXSE  II  MONITORING  WELL  LOCATIONS, 
SEISMIC  SURVEY  LINES  AND 
ELECIRICAL  RESISTIVITY  STATIONS 
McCHORD  AIR  FORCE  BASE,  WASHINGTON 


26 

Ri3 

•dZ06 


Waste  Disposal  Site 
Area  D  Designation 
Seismic  Refraction  Survey  l.ine 
Electrical  Resistivity  Station 
Groundwater  Monitoring  Well 


115 


iM/C 


Area  D.  These  studies  Included  more  than  12,000  lineal  feet  of  seismic  refrac¬ 
tion  surveys  along  streets  and  roads  In  the  base  housing  area  and  leading  Into 
the  American  Lake  Garden  Tract,  nine  electrical  resistivity  stations,  and 
drilling  of  five  additional  monitoring  wells  (refer  to  Figure  34). 

Four  of  the  wells  were  placed  near  the  Base  Housing  Gate  after  completion  of 
the  geophysical  survey  and  the  finding  that  the  glacial  till  appeared  to  be 
absent  beneath  Lincoln  Boulevard  just  east  of  American  Lake  Garden  Tract  and 
Inside  the  Base  Housing  Gate.  The  electrical  resistivity  surveys  also  Indi¬ 
cated  the  lack  of  apparent  resistance  based  on  the  possible  presence  of 
groundwater  contamination  east  of  the  gate  house.  The  fifth  well  was  drilled 
west  of  landfill  Site  6  and  east  of  the  southerly  extension  of  the  American 
Lake  Garden  Tract.  The  well  casing  was  not  successfully  complet'd,  however, 
because  gravel  became  lodged  between  the  PVC  casing  and  the  Inside  of  the 
auger  and  sheared  the  pipe  as  the  auger  was  removed.  Attempts  to  redrill  the 
hole  and  place  a  well  casing  were  unsuccessful. 

The  decision  was  made  to  construct  large  diameter  wells  similar  to  and 
concurrent  with  those  scheduled  for  installation  in  Area  C  upon  confirmation 
of  groundwater  contamination  by  volatile  organic  solvents  on  McChord  AFB  near 
the  Base  Housing  Gate.  Groundwater  movement  was  believed  to  be  moving  west 
from  Area  D  landfills  towards  the  American  Lake  Garden  Tract.  This  flow 
direction  would  be  consistent  with  that  developed  by  the  U.S.  EPA  for  ground- 
water  movement  across  the  housing  subdivision  (Ecology  and  Environment,  1983). 
Suspecting  the  Area  D  landfills  to  be  a  possible  source  of  contamination  in 
the  American  Lake  Garden  Tract,  one  large  well  (DR04)  was  installed  hydrauli¬ 
cally  upgradient  of  the  landfills,  one  large  well  (DROl)  was  drilled  near  the 
Base  Housing  Gate,  and  three  large  wells  (DR03-DR05)  were  to  be  drilled  down- 
gradient  of  the  landfills  and  perpendicular  to  the  apparent  westward  flow  of 
groundwater. 

Finally,  so  as  to  assist  confirmation  of  the  contaminant  types  and  source(s), 
three  of  the  wells  were  scheduled  to  be  fitted  with  submersible  pumps  capable 
of  removing  40  to  50  gpm  of  water  at  60  feet  of  total  dynamic  head.  Once  the 
pumps  became  operational,  a  time  series  sampling  program  was  to  be  Initiated 
to  determine  If  there  was  a  rise  or  fall  of  contaminant  concentration  with 
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time.  This  monitoring  plan  was  presented  at  a  March  1984  briefing  between 
representatives  from  the  Air  Force  and  regulatory  agencies,  and  concurrent 
with  the  offer  by  the  Air  Force  to  supply  bottled  water  to  residents  of  the 
American  Lake  Garden  Tract.  Highlights  of  that  meeting  are  summarized  In  a 
letter  contained  In  Appendix  H. 

Four  of  the  wells  were  drilled  and  pumps  placed  In  Wells  DROl,  0R02,  and  DR03. 

The  placement  of  Well  DR05  was  to  be  predicated  upon  the  contaminant  types  and 

change  In  concentration  with  time  as  pumped  and  sampled  from  Wells  DR02  and 
DR03.  The  three  pumps  began  operation  11  October  1984  and  continued  without 
interruption  until  12  December  1984.  Thereafter  pump  operation  was  of  less 
extended  duration,  ranging  from  a  few  minutes  to  purge  and  sample  the  well  to 
as  many  as  one  to  seven  days  for  drawdown  tests.  When  these  wells  continued 

to  run  free  of  volatile  organic  compounds  after  more  than  eight  weeks  of 

continuous  pumping  (approximately  3.6  million  gallons  per  well),  the  decision 
was  made  to  relocate  Well  DR05  from  a  point  downgradlent  of  landfill  Sites  3 
and  7  and  place  the  well  near  Site  26,  the  old  burn  kettles  and  munition 

demolition  sites  at  the  southwest  corner  of  the  munitions  storage  area. 

Table  15  presents  a  summary  of  all  chemistry  data  obtained  in  Area  D  ground- 
water  monitoring  wells.  In  general,  the  samples  are  free  of  base  neutral 
organics  and  chlorinated  pesticides.  Well  DZ03  has  had  measurable  4,4'-DDT 
both  times  that  It  was  sampled  and  analyzed.  Total  phenols  were  detected  In 
all  shallow  two-inch  wells,  but  confirmation  sampling  has  not  been  accom¬ 

plished.  With  the  exception  of  iron,  total  heavy  metals  do  not  appear  abnor¬ 
mally  high.  Iron  concentrations,  however,  are  very  high  in  Wells  DZ03  and 
DZ07 .  Air  Force  monitoring  of  water  In  the  No.  3  golf  course  irrigation  well 
also  shows  iron  concentrations  ranging  from  700  to  9,200  ug/1  In  a  well  which 
has  been  pumped  for  extended  periods  of  time  (see  Appendix  F).  Additional 
heavy  metal  data  for  Wells  DZOl  and  DZ02  are  presented  on  Table  16.  These 

data  Include  two  samples  for  each  well  taken  for  total  metals  analysis,  and 

one  sample  for  soluble  metals  analysis  following  filtration  of  suspended 
particulates.  The  data  indicate  that  soluble  chromium,  copper,  iron,  lead, 
and  zinc  are  generally  one- third  or  less  the  total  heavy  metal  concentration. 
The  data  are  less  conclusive  for  mercury  and  nickel. 
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IRP  PUrVSK  II  rONKIRMKD  GROUNDWATER  CONTAMINANT  TYPES  AND  CONCENTRATIONS  IN  AREA 
Mci;HORD  AIK  FORCE  BASE,  WASHINGTON  (Concentrations  as  (jg/l,  unless  noted) 
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•Suspected  saapllng  error  by  EPA  contractor  say  have  Introduced  acetone.  Single  temple  result  not  averaged  acr*>s8  Multiple  events 
NOTES:  a.  The  nu^er  In  parentheses  (**n*‘)  indicates  the  nuaber  of  saaples  in  which  the  compound  ms  detected.  The 

Bean  concentration  Is  the  sub  of  the  reported  contaminant  coneentrat Ions  divided  by  the  total  number  (”N'*) 
of  samples,  "n'*  Is  always  less  than  or  equal  to  **ll" . 
b.  Dashed  lines  ( — )  Indicate  not  detected  at  reported  detection  limits  (see  Appendices  F.2-F.A). 


Table  16 


TOTAL  AND  SOLUBLE  HEAVY  METAL  CONCENTRATIONS  AS  MEASURED 
AT  WELLS  DZOl  AND  DZ02 
McCHORD  AIR  FORCE  BASE,  WASHINGTON 
(Concentrations  as  yg/1) 


Well  DZOl  Well  DZ02 


DATE:  1/3/83 

11/22/83 

11/22/83 

1/3/83 

11/22/83 

11/22/83 

TYPE:  Total 

Total 

Soluble 

Total 

Total 

Soluble 

Antimony  - 

— 

— 

5 

— 

— 

Arsenic  478 

<41 

<41 

1,420 

<41 

<41 

Beryllium  2 

— 

— 

6 

— 

— 

Cadmium  1 

<0.1 

<0.1 

3 

0.3 

<0.1 

Chromium  216 

106 

41 

724 

75 

18 

Contamination  by  volatile  organics  has  been  confirmed  in  Area  D  (see  Table  15). 
A  number  of  chlorinated  solvents  have  been  detected  occasionally  in  many  of 
the  wells  but  not  confirmed  on  a  continuous  basis.  Two  compounds  are  a  noted 
exception,  however.  During  the  pumping  of  Well  DROl,  the  concentration  of  1,2- 
trans-dichloroethylene  remained  steady  at  20  to  30  ug/1,  while  the  concentra¬ 
tion  of  trichloroethylene  remained  stable  at  5  to  10  ug/1.  These  same  ana¬ 
lytes  are  routinely  found  in  Wells  DZ06  and  DZ07  adjacent  to  Well  DROl  and  in 
in  all  samples  taken  from  Well  DR05  since  its  completion  in  late  1984.  They 
are  also  the  contaminants  of  concern  in  the  American  Lake  Garden  Tract  (Ecology 
and  Environment,  1983). 

Table  17  presents  the  results  of  a  groundwater  sampling  survey  of  Air  Force 
and  American  Lake  Garden  Tract  monitoring  wells  conducted  in  June  and 
September  1984.  Data  from  a  February  1985  supplemental  groundwater  confirma¬ 
tion  test  conducted  in  three  Air  Force  monitoring  wells  and  in  four  EPA  wells 
in  the  northeast  corner  of  the  American  Lake  Garden  Tract  are  identified  on 
Table  18.  All  wells  sampled  in  the  February  1985  survey  are  screened  at 
approximately  40  to  50  feet  below  the  ground  surface.  This  zone  in  the  shallow 
aquifer  has  consistently  yielded  the  highest  contaminant  concentrations. 
Sample  results  confirm  groundwater  contamination  both  on  and  off  the  base. 
The  highest  contaminant  levels  appear  to  be  very  near  the  Base  Housing  Gate. 
However,  similar  contaminants  are  also  detected  in  Well  DR05;  a  well  whose 
measured  static  water  table  elevation  is  higher  than  those  near  the  Base 
Housing  Gate. 

Two  additional  organics  have  been  detected  at  elevated  concentrations  near  the 
Base  Housing  Gate.  Methylene  chloride  has  been  quantified  in  all  but  two  of 
the  22  samples  taken  from  Wells  DZ03,  DZ06,  and  DZ07.  However,  because  it  has 
not  been  confirmed  as  being  present  in  Well  DROl  under  better  well  production 
and  sampling  conditions,  the  presence  of  methylene  chloride  in  the  groundwater 
is  discounted.  It  also  has  not  been  identified  as  a  contaminant  of  concern  in 
the  American  Lake  Garden  Tract  (Ecology  and  Environment,  1983).  Finally, 
acetone  was  detected  in  one  sample  collected  from  Well  DZ06.  The  presence  of 
this  compound  has  been  attributed  to  sampling  error  when  acetone  was  acciden¬ 
tally  introduced  to  the  field  environment  (Ecology  and  Environment,  1983). 


120 


SA/C 


Table  17 


WATER  SAMPLE  RESULTS  FOR  AIR  FORCE  MONITORING 
OF  WELLS  IN  AREA  D  AND  IN  THE  AMERICAN  LAKE  GARDEN  TRACT 
McCHORD  AIR  FORCE  BASE,  WASHINGTON 
(Concentration  as  yg/1;  Det.  Limit  »  0.1) 


Trichloroethylene  1,2-Trans  Dichloroethylene 


Well 

I.D. 

Date 

Sampled 

Date 

Sampled 

6/1/84 

9/5/84 

6/1/84 

9/5/84 

DZ03 

1.6 

ND 

0.6 

0.4 

DZ06 

14 

14.4 

34 

34.5 

DZ07 

6.2 

0.7 

39 

21.9 

W-IA 

ND 

ND 

W-IB 

9.9 

19.5 

W-IC 

6.2 

11.9 

16.5 

26.9 

W-2A 

2.0 

ND 

5.4 

ND 

W-2B 

ND 

ND 

W-3A 

0.5 

ND 

3.4 

0.2 

W-3B 

ND 

ND 

W-4A 

ND 

0.5 

W-4B 

4.4 

17 

W-4C 

5.9 

0.6 

35 

10.5 

W-5 

1.2 

3.3 

W-6A 

ND 

ND 

W-7A 

ND 

ND 

W-7B 

ND 

ND 

W-8A 

ND 

ND 

W-8B 

ND 

ND 

ND  =  Not  Detected 

Note:  All  samples  paired  with  field  blanks.  Analyses  per¬ 
formed  at  USAF/OEHL  Laboratory  at  Brooks  AFB,  Texas. 
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GROUNDWATER  SAMPLE  ANALYTICAL  RESULTS  FOR  SUPPLEMENTAL  TESTING 
NEAR  BASE  HOUSING  GATE,  McCHORD  AIR  FORCE  BASE,  WASHINGTON 

FEBRUARY,  1985* 

(Concentration  In  Ug/1;  Det.  Limit  =  5) 
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The  source(s)  of  the  1 ,2-trans-dlchloroethylene  and  trichloroethylene  (TCE) 
remains  unknovm.  Studies  performed  for  the  U.S.  EPA  Indicate  that  concentra¬ 
tions  of  the  chemicals  are  higher  off-base  than  within  the  boundaries  of 
McChord  AFB  (Ecology  and  Environment,  1983).  However,  hydrogeologlc  data 
presented  In  the  studies  for  the  U.S.  EPA  indicate  that  groundwater  flow  is 
toward  the  American  Lake  Garden  Tract  from  an  easterly  direction.  Potentlo- 
metrlc  data  presented  in  Section  4.2  support  this  theory.  Air  Force  moni¬ 
toring  of  golf  course  Irrigation  wells  located  near  the  duck  pond  on  Lincoln 
Boulevard  detected  TCE  at  0.7  ug/1  and  1 ,2-trans-dichloroethylene  at  l.l  ug/1 
in  April  1983,  and  then  below  detection  limits  (0.2  ug/1)  in  February  1984. 
(Note:  Air  Force  environmental  data  are  summarized  In  the  first  three  pages 

of  Appendix  F.l).  The  compounds  have  only  been  detected  at  trace  levels  in 
the  two  wells  serving  the  SAGE  building  near  landfill  Site  6;  they  have  not 
been  detected  In  the  Mars  Hill  well,  septic  tank  drainage,  surface  runoff,  or 
base  housing  wells  north  of  the  Base  Housing  Gate.  The  presence  of  volatile 
organic  chemicals  In  water  samples  taken  from  Well  DR05  suggests  that  Site  26 
(burn  kettles)  should  also  be  considered  a  potential  source  of  the  contami¬ 
nants.  Further  study  must  be  conducted  in  the  American  Lake  Garden  Tract  to 
determine  the  spatial  extent  of  groundwater  contamination  and  the  directions 
and  rates  of  groundwater  movement,  with  particular  emphasis  placed  on  mass 
transfer  of  water  from  the  direction  of  the  Fort  Lewis  Military  Reservation 
and  Its  suspected  TCE  contamination  of  groundwater. 

4.3.6  Groundwater  Chemical  Characterizations  In  Area  E  (Sites  10,  49,  50,  51, 
and  56)  and  Area  J  (Sites  36  and  48) 

Area  E  encompasses  the  southern  third  of  industrial  and  operational  activities 
associated  with  aircraft  maintenance  and  flight  operations  (see  Figure  35). 
The  primary  tenant  along  the  TAC  "E”  ramp  is  the  318th  FIS.  Major  waste 
disposal  problems  in  Area  E  include  a  landfill  (Site  10)  to  the  north  of 
Building  304,  liquid  spills  of  waste  fuels,  POL,  and  solvents  both  south  and 
west  of  Building  342  (Sites  49  and  50);  and  drainage  ditches  which  were  known 
to  have  received  spilled  or  fuel  contaminated  runoff  from  the  318th  FIS  opera¬ 
tions  area. 

Spills  of  JP-4  fuel  have  occurred  in  Area  E.  Review  of  the  1981-1984  liquid 
fuels  spill  reports  indicate  that  the  3l8th  FIS  has  an  average  of  36  spills 
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LEGEND 

36  Waste  Disposal  Sites 

-  Area  E  and  J  Designation 

•ezo2  Groundwater  Monitoring  Well 


Figure  35 

AREAS  E  AND  J  WASTE  DISPOSAL  SITES  AND 
IRP  PHASE  II  MONITORING  WELL  LOCATIONS 
McCHORD  AIR  FORCE  BASE,  WASHINGTON 
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per  year,  or  approximately  31  percent  of  all  spills  reported  on  base.  Most  of 
the  spills  are  under  five  gallons  per  event,  with  the  larger  spill  events  rang¬ 
ing  from  15  to  30  gallons.  Improvements  have  been  made  during  the  course  of 
the  two-year  IRP  Phase  II  studies  in  the  "E”  ramp  area.  These  have  Included 
expanding  the  capacity  of  underground  defueling  tanks,  covering  and  curbing 
the  defueling  pad  to  minimize  the  escape  of  any  spilled  fuel,  and  constructing 
new  oil/water  separators  equipped  with  coalescing  plates.  In  late  1983,  the 
Air  Force  rototilled  all  open  spaces  west  and  south  of  "E"  ramp  for  weed  con¬ 
trol  purposes.  In  so  doing  it  also  accomplished  aeration  of  soils  contami¬ 
nated  by  waste  fuels  in  a  depression  west  of  Building  342  (Site  50). 

Area  J  is  located  1,500  feet  west  of  Area  E  and  immediately  south  of  the  Base 
Civil  Engineering  yard  and  includes  two  HARM  rated  sites.  Site  36  is  a  storm 
ditch  which  has  received  surface  runoff  from  the  Civil  Engineering  (CE)  yard 
with  the  potential  of  containing  fuels,  trace  concentrations  of  waste  POL, 
solvents,  and  entomology  shop  wastes.  Site  48  is  a  spill  area  below  what  once 
was  a  tank  containing  pentachlorophenol  (PCP)  wood  preservative. 

IRP  Phase  II  activities  in  these  two  areas  included  the  construction  of  six 
groundwater  monitoring  wells  and  the  performance  of  a  brine  migration  test 
south  of  Building  342  and  its  oil/water  separator  and  leach  pit.  Two  of  the 
wells  were  subsequently  closed  (see  Section  3.6).  Table  19  contains  a  summary 
of  groundwater  chemical  characteristics  in  Areas  E  and  J.  The  sample  results 
show  little  or  no  contamination  from  the  cyanides  or  phenols,  base  neutral 
organics,  the  chlorinated  pesticides,  or  from  the  heavy  metals. 

Many  of  the  wells  exhibit  low-level  contamination  by  solvents  or  by  hydrocar¬ 
bons  found  in  aviation  fuels.  As  would  be  expected  because  of  its  position 
hydraulically  upgradlent  (l.e.,  south  and  east)  of  the  industrial  operations. 
Well  EZ02  contamination  is  detected  less  frequently  (generally  only  once  in 
four  samples)  and  at  lower  concentrations  than  in  those  wells  downgradient  of 
flight  operations.  Analyses  taken  of  groundwater  from  Wells  EZ04  and  EZ05 
located  south  and  west,  respectively,  of  the  surface  depression  at  Site  50 
confirm  that  fuel  and  solvent  runoff  has  caused  some  groundwater  contamina¬ 
tion.  The  benzene  and  toluene  are  a  consequence  of  fuel  release,  while  the 
methylene  chloride,  1 ,2-trans-dlchloroethylene,  and  1 , 1 , l-trichloroethane 
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Table  19 


IRP  PHASE  II  CONFIRMED  GROUNDWATER  CONTAMINANT 
TYPES  AND  CONCENTRATIONS  IN  AREAS  E  AND  J 
McCHORD  AIR  FORCE  BASE,  WASHINGTON 
(Concentrations  as  pg/l,  unless  noted) 


Croundwiter  Monitoring  W«ll  ID  Nuabtr 


Compound  Class  or  Name 

EZOl 

EZ02 

E203 

E204 

EZ05 

JZOl 

VOUTILE  ORGANICS 

Number  of  Samples; 

6 

4 

1 

6 

1 

2 

Bensene 

5.81  (5) 

3.17  (2) 

7.6 

6.19  (6) 

7.13 

tr  (1) 

Chloroform 

tr  (5) 

tr  (2) 

0.55 

6.2  (5) 

31.76 

— 

Methyl  Chloride 

— 

— 

— 

34.5  (1) 

311.3 

— 

Methylene  Chloride 

83.2  (6) 

51  (4) 

89 

240  (6) 

767 

31.3  (2) 

1,2-Trtna  Dlchloroethylene 

tr  (1) 

tr  (1) 

— 

tr  (4) 

1.11 

tr  (1) 

Tetrachloroethylene 

25.7  (1) 

— 

— 

— 

— 

— 

1,1, 1-Trlchloroethane 

— 

1.3  (1) 

— 

tr  (1) 

— 

— 

Trichloroethylene 

— 

— 

— 

— 

2.37  (1) 

Toluene 

1.37  (5) 

1.8  (2) 

— 

1.6  (3) 

tr 

tr  (2) 

M,P-Xylene 

tr  (1) 

tr  (2) 

— 

tr  (1) 

0-Xylene 

— 

— 

” 

tr  (1) 

ACIDS  AND  OTHERS 

Number  of  Samples: 

1 

1 

1 

1 

1 

0 

Cyanide 

<20 

<20 

<20 

ND 

ND 

Phenol  (Acid  Fraction) 

.. 

.. 

<1 

•• 

Phenol  (Total) 

ND 

ND 

ND 

<5 

<5 

BASE  NEUTRAL  ORGANICS 

Number  of  Samples: 

2 

2 

1 

2 

1 

2 

Butyl  Bensyl  Phthalate 

.. 

tr  (1) 

.. 

•  • 

•  • 

•  • 

Di-N-Butyl  Phthalate 

3.68  (1) 

tr  (1) 

2.56 

tr  (1) 

2.27 

— 

PESTICIDES  (ns/l) 

Number  of  Samples: 

2 

2 

1 

2 

1 

2 

Aldrin 

2  (1) 

.. 

10.2  (2) 

6.9 

5  (1) 

4,4'-DDD 

— 

<5  (1) 

— 

— 

— 

<6  (1) 

4,4'-DDE 

— 

— 

<5 

— 

.. 

4, 4' -DDT 

<10  (1) 

— 

— 

6  (1) 

<10 

<7  (1) 

P,P-DDT 

— 

<5  (1) 

— 

<5  (1) 

.. 

10  (1) 

Dieldrin 

4  (1) 

— 

— 

<4  (1) 

— 

10  (1) 

Alpha  Endosulfan 

— 

— 

— 

.. 

<12  (2) 

Beta  Endosulfan 

<7  (2) 

Heptachlor 

4.3  (1) 

— 

— 

— 

— 

10  (1) 

Heptachlor  Epoxide 

— 

" 

— 

10  (1) 

— 

<7  (2) 

HEAVY  METALS  (Total  Unfiltered) 

Number  of  Samples: 

2 

1 

1 

1 

1 

1 

Antimony 

„ 

— 

1 

— 

.. 

Arsenic 

254  (2) 

350 

127 

322 

195 

137.5 

Beryllium 

1  (1) 

1 

— 

2 

— 

Cadmium 

1  (2) 

1 

— 

1 

— 

4 

Chromium 

78  (2) 

87 

35 

147 

59 

205 

Copper 

96  (2) 

113 

50 

101 

65 

28.4 

Lead 

16  (2) 

20 

11 

17 

11 

27.3 

Meicury 

0.085  (2) 

0.20 

0.04 

0.155 

0.07 

0.02 

Nickel 

64  (2) 

107 

38 

122 

60 

64.6 

Selenium 

121  (2) 

127 

70 

110 

75 

<210 

Zinc 

89  (2) 

169 

115 

105 

52 

16 

NOTES:  a. 


b. 


c . 


The  nuaber  In  parentheses  ("n")  indicates  the  nuaber  of  samples  In  which  the  compound  was  detected.  The 
mean  concentration  Is  the  sum  of  the  reported  contaminant  concentrations  divided  by  the  total  number  ("N") 
of  samples,  "n"  is  always  less  than  or  equal  to  "S". 

Dashed  lines  ( — )  Indicate  not  detected  at  reported  detection  limits  (see  Appendices  F.2-F.4). 

Trace  level  concentrations  indicate  presence  but  at  concentrations  below  quantitation  levels. 
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Indicate  contamination  by  solvents.  Stage  2  data  indicate  methylene  chloride 
concentrations  range  from  40  to  60  ug/1. 

Well  EZOl,  located  north  of  the  industrial  apron  and  also  the  abandoned  land¬ 
fill,  has  confirmed  low  level  contamination  by  benzene,  toluene,  methylene 
chloride,  and  chloroform.  Tetrachloroethylene  and  I ,2-trans-dichloroethylene 
have  been  detected  once  but  not  confirmed.  The  presence  of  benzene  and 
toluene  in  groundwater  suggest  that  aircraft  operations  and  maintenance  prac¬ 
tices  have  caused  minor  contamination  of  shallow  groundwaters.  Methylene 
chloride  is  at  a  concentration  only  slightly  above  field  blanks  and  the 
results  are  inconclusive. 

Well  JZOl  contamination  levels  are  very  low.  A  number  of  the  chlorinated 
pesticides  were  detected  at  concentrations  of  10  nanograms  per  liter  (parts 
per  trillion)  or  lower.  Endosulfans  were  the  only  pesticides  confirmed  in 
both  samples  taken.  Methylene  chloride  was  also  detected  in  both  water 
samples  analyzed,  but  at  reduced  concentrations  as  compared  to  other  wells. 
Benzene,  trichloroethylene,  1 ,2-tran8-dichloroethylene,  and  toluene  were 
detected  at  low  concentrations  in  one  of  the  two  samples  taken.  All  of  the 
above  chemicals  could  represent  a  spill  or  release  of  chemicals  from  the  base 
CE  yard.  Well  JZOl  is  within  15  feet  of  the  stormwater  ditch  which  serves  the 
CE  yard.  Any  chemicals  which  are  susceptible  to  migration  via  surface  runoff 
would  enter  this  ditch  and  percolate  into  the  ground  in  the  vicinity  of  Well 
JZOl.  The  absence  of  a  greater  number  of  chemical  types  or  elevated  contami¬ 
nant  concentrations  in  groundwater  suggest  historical  waste  disposal  practices 
in  the  yard  area  have  not  been  detrimental  to  groundwater  quality. 

4.3.7  Groundwater  Chemical  Characterizations  in  Area  F  (Sites  30  and  31)  and 
Area  H  (Sites  27  and  28) 

Both  Areas  F  and  H  are  located  east  of  the  instrument  runway  and  Include  sites 
formerly  used  as  fire  training  areas  and  rubble  or  other  waste  burial  sites. 
Area  F  is  comprised  of  four  such  sites  and  is  located  near  the  confluence  of 
Morrey  and  Clover  Creeks  (see  Figure  36).  All  sites  in  this  area  are  in  close 
proximity  to  one  another.  By  definition  in  the  Phase  I  report.  Area  H  is 
comprised  solely  of  the  fire  training  area  designated  as  Site  27.  However, 
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AREAS  F  AND  H  WASTE  DISPOSAL  SITES  AND 
IRP  PHASE  II  MONITORING  WELL  LOCATIONS 
McCHORD  AIR  FORCE  BASE,  WASHINGTON 
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because  local  groundwater  is  believed  to  flow  in  a  north-northwest  direction 
in  this  portion  of  the  base,  both  Sites  27  and  28  north  of  Area  F  have  been 
considered  a  part  of  Area  H. 

IRP  Phase  II  activities  in  these  areas  included:  (1)  construction  of  a  ground- 
water  monitoring  well  in  Area  F  during  the  Stage  1  investigations,  and  (2) 
extension  of  seismic  refraction  lines  and  completion  of  a  monitoring  well 
north  and  west  of  Area  H  during  Stage  2  field  efforts.  Well  FZOl  is  located 
across  Clover  Creek  from  the  known  disposal  sites  and  fire  training  areas  in 
consideration  of  groundwater  flow  direction  and  work  space  for  a  drilling  pad. 
Well  HZOl  was  located  at  a  point  then  believed  to  be  hydraulically  downgradient 
of  all  eastside  base  activities.  While  this  has  proven  not  to  be  the  case, 
its  location  has  helped  to  confirm  geophysical  interpretations  in  the  north 
end  of  the  base. 

Groundwater  monitoring  results  are  presented  on  Table  20.  The  data  show  that 
trace  levels  of  aviation  fuel  derivatives  have  been  detected  at  both  monitor¬ 
ing  wells.  The  concentrations  are  so  low,  however,  as  to  preclude  a  determi¬ 
nation  as  to  direct  source  (e.g.,  fire  training  pits)  or  indirect  source 
(e.g.,  aircraft  traffic,  unburned  emissions).  From  all  other  water  analyses 
performed,  the  samples  indicate  no  contamination  by  the  cyanides  or  phenol 
groups,  base  neutral  organics,  or  chlorinated  pesticides.  Finally,  the  heavy 
metals  are  at  low  concentrations  in  both  wells  despite  being  unflltered.  In 
general,  the  groundwater  from  these  wells  may  be  considered  background  for  the 
base  as  a  whole  and  could  be  used  for  comparative  interpretations  with  ground- 
water  monitoring  performed  elsewhere  on  the  base.  To  ensure  that  the  back¬ 
ground  conditions  are  truly  representative  of  regional  groundwater,  however, 
heavy  metal  analyses  should  be  performed  on  filtered  water  samples  collected 
from  each  well. 

4.4  EVALUATION  OF  OIL/WATER  SEPARATOR  CAPACITY  AND  OIL  RECOVERY  STRATEGIES 
IN  AREA  C 

In  accordance  with  subtask  I.B.2.c.(7)  of  the  Delivery  Order,  an  analysis  of 
the  hydraulic  capacity  and  an  estimate  of  treatment  performance  was  made  of 
Oil/Water  Separator  No.  2  located  south  of  MAC  "C"  ramp.  In  particular,  an 
analysis  was  made  of  its  ability  to  treat  and  remove  the  floating  cap  of  AVGAS 
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Table  20 


IRP  PHASE  II  CONFIRMED  GROUNDWATER  CONTAMINANT 
TYPES  AND  CONCENTRATIONS  IN  AREAS  F  AND  H 
McCHORD  AIR  FORCE  BASE,  WASHINGTON 
(Concentrations  as  yg/l  unless  otherwise  noted) 


Groundwater  Monitoring 
Well  I.D.  Number 


FZOl 

HZOl 

VOLATILE  ORGANICS 

Number  of  Samples: 

2 

1 

Benzene 

7.16  (2) 

tr 

Chloroform 

tr  (2) 

— 

Ethylbenzene 

— 

tr 

Methylene  Chloride 

36.4  (2) 

11.8 

Toluene 

tr  (1) 

6 . 7 

M,P-Xylene 

tr  (1) 

11 

0-Xylene 

— 

12.3 

ACIDS  AND  OTHERS 

Number  of  Samples: 

1 

1 

Cyanide 

<20 

<20 

Phenol  (Total) 

8 

8 

BASE  NEUTRAL  ORGANICS 

Number  of  Samples: 

2 

2 

Di-N-Butyl  Phthalate 

2.13  (1) 

tr  (2) 

PESTICIDES  (ng/1) 

Number  of  Samples: 

2 

(No  Pesticides  Detected) 

1 

(No  Pesticides 

HEAVY  METALS  (Total  Unfiltered) 

Number  of  Samples: 

1 

1 

Antimony 

“ 

<2 

Arsenic 

324 

<41 

Beryllium 

1 

0.2 

Chromium 

106 

13 

Copper 

85 

19 

Iron 

— 

5 

lj6£Ld 

16 

50 

Mercury 

0.12 

0.035 

Nickel 

91 

<10 

Selenium 

132 

<0.1 

Thallium 

— 

<0.8 

Z  inc 

162 

9 

NOTE:  The  number  in  parentheses  ("n")  indicates  the  number  of  samples  in 
which  the  compound  was  detected.  The  mean  concentration  is  the  sum  of  the 
reported  contaminant  concentrations  divided  by  the  total  number  ("N")  of 
samples,  "n"  is  always  less  than  or  equal  to  "N" .  Dasned  lines  ( — )  indi¬ 
cate  not  detected  at  reported  detection  limits  (see  Appendices  F.2-F.4). 
Trace  level  concentrations  indicate  presence  but  at  concentrations  below 
quantitation  levels. 
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and  diesel  fuel  from  nearby  groundwaters.  The  existing  separator  Is  con¬ 
structed  of  concrete  and  measures  85  ft  x  13  ft  x  6.5  ft  In  depth.  Washrack 
wastewaters  and  surface  and  storm  runoff  from  the  entirety  of  MAC  "C"  and  "J" 
ramps  and  their  adjoining  parking  apron  drain  by  gravity  to  a  lift  station  at 
the  head  of  the  separator  (see  Figure  37).  The  lift  station  has  an  operating 
wet  well  capacity  of  approximately  12,000  gallons.  The  effective  depth  and 
the  set  point  of  control  levels  for  lift  pump  operation  is  that  depth  between 
the  Invert  (i.e.,  bottom)  elevation  of  the  gravity  inlet  drain  pipes  and  the 
floor  of  the  wet  well.  This  wet  well  serves  to  capture  much  of  the  sand  and 
grit  which  would  otherwise  flow  into  the  oil/water  separator.  Two  turbine 
pumps  are  available  to  lift  the  water  into  the  gravity  separator.  Each  pump 
is  capable  of  delivering  2,025  gpm  at  14  feet  of  total  head.  The  pumps  are 
set  in  a  lead-lag  operating  mode,  regulated  by  water  level  indicators. 

The  operation  of  an  oil/water  separator  relies  upon  the  principles  of  gravity 
expressed  in  Stokes'  Law.  Heavy  settleable  solids  drop  out  of  oily  wastewater 
in  the  inlet  chamber.  The  separators  at  McChord  have  been  equipped  with 
splash  plates  and  inlet  baffles  to  reduce  horizontal  velocities  and  hydraulic 
short  circuiting.  Within  the  separating  chamber,  emlsclble  oils  rise  and 
lighter  settleable  solids  fall.  The  oil  float  is  drained  to  a  collection  and 
holding  reservoir  for  ultimate  pickup  and  final  deposition.  Water  moves  under 
a  combined  reservolr/oil  retention  baffle  into  the  outlet  chamber.  Two  over¬ 
flow  weir  plates  regulate  the  discharge  of  treated  water.  A  baffle  in  front 
of  each  weir  plate  overflow  prevents  discharge  of  any  surfacing  residual  oil. 
Effluent  from  the  No.  2  separator  is  then  discharged  to  Clover  Creek. 

Efforts  to  upgrade  all  oil/water  separators  at  McChord  AFB  are  ongoing  as  part 
of  a  heightened  environmental  awareness  and  protection  program.  Each  of  the 
separators  is  being  retrofitted  with  packs  of  coalescing  filter  plates.  These 
plates  are  constructed  and  placed  to  serve  as  a  diffusing  baffle  so  as  to 
produce  laminar  flow  of  water.  Constructed  of  polypropylene,  the  plates  have 
oleophilic  (oil-attracting)  properties  which  cause  suspended  particles  of  oil 
to  agglomerate  on  the  polypropylene  surface  (AFL  Industries,  1979).  If  the 
oil  particles  are  sufficiently  large  and  buoyant,  they  will  break  free  and 
rise  to  the  surface. 
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Pump  Station  Wet  Well 
18'x12'x8'  deep  —3 
(effective  depth  below 
invert  of  inlet  drain) 


Tnf^ 


Turbine  Lift  Pumps 
■“lyys  gpm  @  18.0  ft  TDH 
2025  gpm  @  14.0  ft  TDH 


•  Separator 


Skimmer  Weir- 


11“  Erf, 


Effluent  to  Clover  Creek 


85'x13'x6.5'  deep 


J**— Oil  Collection  Sump 
■Effluent  Weir  Plate 


Effective  Volume  *  7,180  ft^  2>  53,700  gallons 
Groundwater  Drawdown  Pumps  operate  at  =50  gpm  or  72,000  gpd 

Hydraulic  detection  fme  of  separator  in  the  absence  of  runoff 
or  washdown  from  operational  apron  is  proportional  to  the  num¬ 
ber  of  submersible  pumps  used  either  for  groundwater  drawdown 
in  a  two-pump  system,  or  as  combined  oil/water  separation  in 
a  single  pump  system. 


(53,700  gal)  (1440 

D  (minutes)  =7:-=  - ^ — 

^  (72,000  .  6'  — )(N*pumps) 

day  pump 


(minutes) 


(minutes) 


where:  N  =  number  of  groundwater  pumps  in 
operation  at  50  gpm  per  pump 


Figure  37 

SCHEMATIC  DIAGRAM  AND  DESIGN  NOTES  FOR  OIL/WATER  SEPARATOR  NO.  3 
AT  MAC  "C"  RAMP,  McCHORD  AFB,  WASHINGTON 
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Oil/Water  Separator  No.  2  has  an  effective  capacity  of  approximately  53,700 
gallons.  Proper  operation  of  most  oil/ water  or  other  physical  separators 
Kmits  the  hydraulic  detention  time  to  not  less  than  60  minutes.  The 
Washington  Department  of  Ecology  has  promulgated  guidelines  which  incorporate 
the  60  minute  detention  time  as  the  minimum  design  detention  time  (WD0E[al , 
undated).  Under  separate  guidance,  the  state  also  recommends  that  the  depth 
to  width  ratio  not  be  less  than  0.3  or  greater  than  0.5  (WD0E[b],  undated). 
The  current  concrete  separator  depth-to-width  ratio  of  0.5  appears  to  meet 
this  criteria.  Because  it  is  at  the  upper  end  of  the  range,  however,  its 
capacity  to  store  grit  or  sludge  is  reduced. 

Separator  No.  2  has  recently  been  retrofitted  with  coalescing  plates  which 
will  significantly  reduce  the  oil  content  of  separator  underflows  at  current 
flow  rates  and  should  allow  the  flow  through  the  separator  to  be  increased 

without  degradation  of  the  oil-separating  performance.  When  properly  oper¬ 
ated,  the  coalescing  plates  should  enable  the  separation  of  oil  globules  down 
to  less  than  100  micron  in  size  and  a  reduction  of  effluent  oil  content  to  15 
mg/1  with  a  hydraulic  detention  time  of  not  more  than  10  minutes  (Leonard, 
1985).  Modifications  are  necessary  to  expand  the  hydraulic  capacity  of  the 
effluent  weir  to  accommodate  larger  flow  rates.  Given  a  10  minute  hydraulic 
detention  time,  the  rehabilitated  separator  should  be  capable  of  treating  a 
flow  rate  of  up  to  5,370  gpm.  This  flow  rate  exceeds  the  combined  pumping 
capacity  of  approximately  4,050  gpm.  Thus  the  firm  capacity  of  the  lift 

station  is  controlling.  Utilizing  the  normal  operating  criteria  of  one  pump 
in  continuous  operation  at  2,025  gpm  influent  flow,  sustainable  hydraulic 
loading  to  the  separator  would  allow  40  recovery  wells  to  be  drilled  in  Area  C 
and  fitted  with  submersible  pumps  with  rated  capacities  of  50  gpm.  This  pump¬ 
ing  rate  yielded  a  drawdown  of  from  3  to  30  feet  when  used  in  six-inch  diameter 
wells  in  Area  D.  Using  the  equation  =  1074/N,  where  N  equals  the  number  of 

pumps  in  service  (see  Figure  37),  the  resultant  detention  time  in  Separator 

No.  2  with  40  groundwater  pumps  in  operation  would  be  approximately  27  minutes. 

The  availability  of  Separator  No.  2  for  ticatment  of  contaminated  groundwater 
is  dependent  in  part  upon  precipitation  frequency  and  magnitude.  In  addition, 
the  ability  of  the  separator  to  treat  the  groundwater  is  of  interest  because 
the  separator  effluent  is  discharged  to  Clover  Creek.  Authorization  to  dis¬ 
charge  comes  in  the  form  of  an  NPDES  wastewater  discharge  permit  (WA002510-1) 
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which  regulates  flow  (0.3  MGD  maximum),  total  oil  and  grease  (10  mg/1  average 
or  15  mg/1  maximum),  pH  (6,5  to  8.5  pH  units),  and  forbids  floating  foam  or 
solids.  The  permit  does  not  regulate  total  dissolved  aromatic  hydrocarbons  or 
other  hydrocarbon  pollutants  nor  is  the  oil/water  separator  designed  to  treat 
for  or  remove  such  contaminants.  Aproved  use  of  the  separator  for  treatment 
of  groundwater  would  have  to  come  from  the  U.S.  EPA,  the  agency  which  admini¬ 
sters  and  enforces  the  NPDES  program  for  facilities  on  McChord  AFB. 

Water  quality  of  the  oil/water  separator  underflow  must  also  not  be  allowed  to 
violate  the  NPDES  permit  limitations.  The  types  of  contaminants  and  their 
expected  concentrations  In  the  separator  underflows  can  be  estimated  utilizing 
information  gathered  from  both  physical  and  chemical  tests.  Fuel/water  samples 
taken  from  Well  CZ05  were  tested  for  the  length  of  time  required  to  coalesce 
and  separate.  A  one-liter  sample  of  oily  water  was  allowed  to  still  and  separ¬ 
ate,  causing  a  260-ml  layer  to  float  on  top  of  740  ml  of  water.  This  liter  of 
sample  was  then  poured  into  a  container,  shaken  and  agitated  to  simulate  pump¬ 
ing,  and  then  poured  back  Into  the  measuring  cylinder.  Allowed  to  quiescently 
separate,  the  volume  of  separated  fuel  was  recorded  with  passing  time  for  a 
total  holding  time  of  10  minutes.  Repeated  tests  confirmed  that  essentially 
all  of  the  fuel  would  separate  and  float  to  the  surface.  It  was  noted  that 
almost  all  fuel  had  fully  separated  within  the  first  three  to  five  minutes  of 
the  experiment.  Finally,  it  is  noted  that  a  lighted  match  touched  to  the 
floating  fuel  caused  the  fuel  to  catch  fire  instantly  and  maintain  a  sustained 
burn.  The  resultant  smoke  was  light  gray  and  smelled  of  diesel  fuel. 

The  quality  of  the  underflow  water  could  best  be  approximated  by  taking  a  dis¬ 
crete  sample  of  the  water  at  a  depth  three  to  five  feet  below  the  layer  of 
fuel  in  Well  CZ05.  Attempts  to  accomplish  this  without  a  bladder  pump  or 
other  gas  driven  sampler  were  frustrated  by  the  thickness  of  the  floating  fuel 
cap.  In  its  stead,  the  groundwater  .  urface  sample  results  from  Weil  CZOl 
(refer  to  Table  13)  are  possibly  quite  representative  of  anticipated  underflow 
results  because  the  well  is  influenced  by  the  floating  fuel  cap  but  not  to  the 
extent  so  as  to  cause  a  measurable  layer  of  fuel  on  the  water  surface.  When 
diluted  by  ramp  and  apron  storm  water  runoff,  the  resultant  concentrations  of 
treated  effluent  discharged  to  Clover  Creek  may  be  approximately  20  to  30 
percent  or  less  than  those  reported. 
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4.5  SUMMARY  OF  RESULTS  AND  FINDINGS 


In  continuance  uf  the  USAF  installation  Restoration  Program  at  McChord  AFB,  a 
Phase  II,  Stage  2  (Confirmation)  Investigation  was  performed  to  evaluate 
groundwater  flow  and  quality  and  to  characterize  chemical  compounds  found  in 
the  soils  and  groundwater  beneath  previously  identified  or  suspected  areas  of 
waste  disposal  on  the  base.  Additional  investigations  were  conducted  on  Air 
Force  property  away  from  known  disposal  sites  but  adjacent  to  off  base  areas 
with  confirmed  groundwater  contamination.  These  services  have  been  completed 
and  the  following  conclusions  are  presented. 


4.5.1  General  Conclusions 


A  total  of  42  borings  and  44  groundwater  monitoring  wells  have  been  con¬ 
structed  on  the  base  during  the  combined  IRP  Phase  II  investigations.  More 
than  22,000  lineal  feet  of  seismic  refraction  lines  have  been  surveyed 
together  with  the  completion  of  23  electrical  resistivity  soundings.  Gauging 
of  depths  to  the  static  water  table  and  an  evaluation  of  geologic  and  geo¬ 
physical  data  was  performed  to  provide  an  Interpretation  of  groundwater  flow 
direction  and  rates.  More  than  300  chemical  analyses  have  been  performed  to 
identify  and  quantify  organic  and  heavy  metal  constituents  in  groundwater  near 
sites  of  known  or  suspected  hazardous  waste  release.  Together  with  ground- 
water  data  collected  by  the  Air  Force,  and  with  data  from  two  concurrent 
investigations  off-base,  the  IRP  Phase  II  field  results  enable  us  to  offer  the 
following  general  conclusions: 

1.  At  least  two  aquifers  exist  in  the  vicinity  of  McChord  AFB,  sepa¬ 
rated  by  a  blue  clay  layer  approximately  four  feet  in  thickness 
and  at  a  depth  of  about  180  feet  below  the  ground  surface.  The 
surface  aquifer  consists  of  80  to  100  feet  of  well  sorted  advance 
outwash  sand  deposits  overlain  by  unsorted  gravel  and  sand  reces¬ 
sional  outwash.  The  aquifer  yield  is  high  and  is  used  for  both 
public  and  private  water  supply.  The  surface  aquifer  is  divided 
in  places  by  an  areally  extensive  but  not  fully  continuous  glacial 
till  unit  that  varies  in  thickness  from  20  to  80  feet.  This  unit 
is  an  aquiclude  to  water  flow.  The  water  table  is  generally  15  to 
25  feet  below  the  ground  surface.  Very  permeable  recessional 
outwash  gravels  and  sands,  overlain  by  a  thin  or  nonexistent  soil 
mantle,  affords  little  protection  of  the  aquifer  from  surface 
activities.  Off-base  water  quality  has  been  impacted  by  septic 
tank  wastes.  On-base  water  quality  is  threatened  by  or  has  been 
impacted  by  industrial  waste  practices  and  spills. 
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2.  Regional  groundwater  flow  is  to  the  northwest  under  gradients  of 
12  to  18  feet  per  mile  (refer  to  Figure  28).  Local  groundwater 
flow,  however,  Is  Influenced  by  the  massive  glacial  till  unit 
beneath  the  base.  Hills  on  the  western  edge  of  the  base  are  non- 
eroded  extensions  of  this  till  unit  around  which  groundwater  must 
flow.  Evidence  has  been  obtained  which  shows  the  till  unit 
approaches  the  ground  surface  and  rises  above  the  water  table  In 
Areas  A  and  B,  restraining  forward  motion  of  water  In  the  upper 
zone  of  the  top  aquifer.  Surface  mapping  of  the  water  table 
suggests  that  major  routes  of  water  flow  exiting  the  base  are  to 
the  north-northwest  on  alignment  with  the  major  operational  apron 
activities  for  groundwaters  in  that  portion  of  the  base  north  of 
MAC  "D"  ramp,  and  in  a  northwest  direction  on  alignment  with 
Clover  Creek  (refer  to  Figures  29  and  jv).  Groundwater  flow  south 
of  a  line  between  the  liquid  fuels  bulk  storage  and  "D"  ramp 
appears  to  diverge  around  a  glacial  high  upon  which  is  built  the 
ordnance  storage  area. 

3.  The  quality  of  the  shallow  aquifer  groundwater  entering  the  base 
from  the  east  and  southeast  meets  existing  drinking  water  criteria 
for  the  analytes  measured.  Groundwater  samples  taken  from  more 
than  40  monitoring  wells  Indicate  low-level  contamination  of  the 
upper  10  to  50  feet  of  the  water  table  (l.e.,  30  to  70  feet  below 
the  ground  surface)  occurs  In  chose  areas  In  which  major  Indus¬ 
trial  operations  Cake  place.  Some  of  Che  McChord  AFB  water  supply 
wells.  Including  North,  South,  SAGE  1  and  2,  and  Family  Housing  I 
and  3,  draw  from  the  bottom  of  the  surface  aquifer  (l.e.,  greater 
Chan  130  feet  below  Che  ground  surface).  Low  grade  contamination 
by  a  few  of  the  chlorinated  hydrocarbons  (e.g.,  trichloroethylene) 
has  been  detected  In  some  of  these  wells  for  as  long  as  four 
years. 

4.  Two  areas  of  significant  contamination  by  floating  fuels  have  been 
confirmed;  one  area  near  liquid  fuels  bulk  storage,  and  the  second 
between  MAC  "C"  ramp  and  MAC  "D”  ramp.  Both  contamination  pro¬ 
blems  appear  to  be  of  historical  origin,  and  neither  appears  to  be 
rapidly  mobilizing  or  migrating. 

5.  Surface  aquifer  groundwater  resources  in  the  American  Lake  Garden 
Tract  and  on  McChord  AFB  between  the  golf  course  clubhovi;'*.',  and 
base  housing  are  Impacted  by  the  presence  of  1 ,2-tran8-^diciiioro- 
ethylene  and  trichloroethylene  at  concentrations  exceeding  current 
recommended  drinking  water  health  risk  levels  as  jointly  estab¬ 
lished  by  the  Tacoma-Plerce  County  Health  Department  and  the 
Washington  Department  of  Social  and  Health  Services.  No  alterna¬ 
tive  water  supply  is  presently  available  to  residents  In  the 
American  Lake  Garden  Tract.  The  Air  Force  is  making  available 
bottled  water  for  consumptive  uses  to  all  those  who  request  such 
service. 


4.5.2  Area  and  Site  Specific  Conclusions 

IRP  Phase  II,  Stage  2  (Confirmation)  Investigation  field  studies  were  per¬ 
formed  In  eight  geographic  areas  on  McChord  AFB  which  encompassed  or  were  in 
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launedlate  proximity  to  36  of  the  43  waste  disposal  sites  rated  by  HARM  metho¬ 
dology  in  the  IRP  Phase  I  records  search.  An  additional  11  sites  (of  19 
total)  not  rated  by  HARM  are  also  within  the  boundaries  of  the  areas  investi¬ 
gated.  Pigure  38  shows  the  locations  of  the  eight  study  areas  and  the  loca¬ 
tion  of  all  IRP  groundwater  monitoring  wells  and  geophysical  survey  lines, 
plus  a  portion  of  those  monitoring  wells  installed  for  off-base  groundwater 
investigations.  Soil  and  groundwater  chemistry  Indicate  contamination  in 
several  areas.  In  some  instances  there  appear  to  be  cause-effect  relation¬ 
ships  between  base  activities  and  observed  contamination.  Table  21  presents  a 
summary  by  study  area  of  all  field  activities,  chemical  characterizations,  and 
general  findings  and  conclusions.  More  specifically,  the  results  of  the  field 
investigations  enable  us  to  conclude: 

1.  Area  A  groundwater  surface  contamination  by  weathered  jet  fuels  is 
likely  a  consequence  of  leach  pit  infiltration,  the  historical 
practice  of  draining  fuel  filters  and  tank  bottom  sludges  on  the 
ground  surface,  and  past  spills  of  fuel  near  the  truck  fueling 
stand  or  in  the  tank  farm.  The  spatial  extent  of  contamination 
probably  does  not  exceed  three  to  seven  acres  in  area.  It  has 
migrated  north  of  the  base  boundary  line,  but  domestic  water 
supplies  have  tested  negative  for  the  contaminants  of  concern. 
Lining  and  other  improvements  to  the  tank  farm  and  cessation  of 
draining  fuel  filters  on  the  ground  surface  are  major  accomplish¬ 
ments  towa*'d  eliminating  future  contaminant  loadings  to  the  envi¬ 
ronment. 

2.  Trace  level  contamination  of  groundwater  in  Areas  B,  E,  and  J  is 
indicative  of  surface  activities  associated  with  aircraft  opera¬ 
tions,  equipment  maintenance  and  rehabilitation,  and  base  engi¬ 
neering  support.  Efforts  have  been  made  to  reduce  or  eliminate 
future  spills  to  the  environment,  in  part  a  consequence  of  con¬ 
firmed  contamination  as  Identified  in  these  Investigations. 
French  drains  and  dry  wells  have  been  eliminated  in  all  Area  B 
aircraft  hangars;  oil/water  separators  in  all  areas  have  been 
upgraded  with  coalescing  plates;  a  new  defueling  pad  has  been  con¬ 
structed  in  Area  E;  and  soils  impacted  by  fuel  spills  have  been 
rototilled  in  Area  E. 

3.  Weathered  fuels  found  floating  on  the  groundwater  are  believed  to 
be  leaded  AVGAS  and  diesel.  The  fuel  is  believed  to  be  historical 
in  origin  and  may  be  associated  with  MAC  "D"  ramp  wash  rack  acti¬ 
vities  or  numerous  spills  and  discharges  of  fuel,  waste  POL,  and 
solvents.  The  weathered  fuel  as  measured  between  "C"  and  "D" 
ramps  appears  not  to  be  migrating  but  may  Instead  be  retained 
behind  the  glacial  till  unit  which  is  higher  than  the  local  water 
table.  There  are  Indications  that  chlorinated  solvents,  possibly 
discharged  from  the  wash  rack  or  comparable  facilities,  have 
contaminated  both  the  upper  and  lower  aquifers. 
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SUMMARY  OF  IRP  PHASE  II  (STAGE  2)  CONFIRMATION /QUANTIFICATION  INVESTIGATIONS 
AT  MAJOR  DISPOSAL  SITES  ON  McCHORD  AIR  FORCE  BASE,  WASHINGTON 
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Table  21  (cont*d) 


4. 


Oil/Water  Separator  No.  2  near  MAC  ”C"  ramp  has  the  capacity  to 
effectively  treat  as  much  as  2,000  gpm  of  groundwater  in  any 
future  fuel  recovery  program.  However,  use  of  the  separator  for 
fuel  recovery  purposes  would  be  restricted  to  dry  weather  condi¬ 
tions  so  as  to  allow  for  treatment  of  aircraft  apron  runoff  during 
precipitation  events.  Intermittent  operation  of  the  drawdown  or 
recovery  wells  may  result  in  less  effective  fuel  recovery  or 
extend  the  recovery  process.  Finally,  because  its  discharge  is  to 
Clover  Creek,  the  separator  is  regulated  and  must  meet  effluent 
quality  limitations  as  specified  in  an  NPDES  permit.  Although 
retrofitted  with  coalescing  plates  for  enhanced  removal  of 
immiscible  oil,  the  separator  is  not  designed  to  treat  or  remove 
the  soluble  fraction  of  aromatic  hydrocarbons  confirmed  as  present 
in  the  groundwater. 

5.  Groundwater  quality  of  the  surface  aquifer  in  Areas  F  and  H  is 
believed  to  be  representative  of  background  conditions,  but  may 
also  indicate  early  signs  of  contamination  at  the  water  surface  by 
unburned  fuels. 

6.  No  discernable  groundwater  contamination  is  evidenced  in  four 
wells  placed  north  and  west  of  the  Area  D  landfills.  However, 
groundwater  contamination  by  chlorinated  hydrocarbon  solvents  has 
been  confirmed  near  abandoned  ordnance  demolition  pits  and  burn 
kettles  near  the  Base  Housing  Gate  and  throughout  portions  of  the 
American  Lake  Garden  Tract.  There  are  insufficient  data  at  this 
time  to  delineate  the  type,  magnitude,  distribution,  and  source(s) 
of  contamination. 
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5.0  ALTERNATIVE  MEASURES 


This  section  describes  the  major  possible  monitoring  and  remedial  response 
options  by  area  and  site  for  future  IRP  efforts  at  McChord  AFB.  The  proposed 
field  programs,  monitoring  plans,  and  sampling  and  analytical  methodologies 
are  discussed  for  sites  where  remedial  cleanup  or  restoration  is  recommended, 
as  well  as  those  areas  where  further  confirmation  of  contamination  and  source 
identification  is  warranted.  Additional  investigations  are  recommended  on  the 
western  edge  of  the  golf  course  between  the  American  Lake  Garden  Tract  and  the 
north  base  boundary  along  McChord  Drive.  This  investigation  should  be  coordi¬ 
nated  with  continued  research  into  the  hydrogeology  of  contaminated  water 
supplies  in  the  American  Lake  Garden  Tract  and  how  that  contamination  is  or  is 
not  related  to  activities  on  either  McChord  AFB  or  the  Fort  Lewis  Military 
Reservation. 

Remedial  restoration  activities  can  commence  at  sites  on  McChord  AFB  concur¬ 
rent  with  additional  remote  sensing  surveys  to  better  define  the  areal  extent 
of  groundwater  contamination.  While  the  sources  of  contamination  in  Areas  A, 
C,  and  E  have  not  been  fully  established,  the  presence  of  fuel-enriched  soils 
or  floating  fuel  on  the  water  table  warrant  initiation  of  Phase  IV  remedial 
actions.  Multiple  disposal  sites  within  the  same  geographic  area  of  confirmed 
contamination  make  it  doubtful  that  direct  sources  can  be  identified.  This 
identification  process  is  made  more  difficult  by  the  findings  that  most  ground- 
water  contamination  appears  to  be  caused  by  highly  weathered  fuels,  including 
some  which  have  not  been  in  liquid  fuels  Inventory  for  almost  20  years. 
Rather  than  expending  additional  resources  to  continue  source  Identification, 
it  is  recommended  that  the  Air  Force  commence  with  fuel  recovery  and  soil  and 
groundwater  restoration  efforts. 

5.1  ALTERNATIVE  MEASURES  IN  AREA  A  (Sites  1.  2,  4,  34,  and  46) 

IRP  investigations  undertaken  during  Stages  1  and  2  confirm  that  local  ground- 
waters  are  contaminated  by  petroleum  hydrocarbons,  particularly  immediately 
west  and  north  of  the  liquid  fuels  bulk  storage  tanks.  The  contamination  is 
most  probably  weathered  JP-4.  The  origins  of  this  fuel  are  likely  to  be  a  com¬ 
bination  of  fuel  drainage  from  spent  fuel  filters  placed  on  the  unllned  ground 
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surface  100  feet  west  of  the  tank  farm  (Site  34);  the  aftermath  of  a  50,000 
gallon  JP-4  fuel  spill  In  the  railroad  yard  east  of  the  tank  farm  in  the  late 
1960s  (Site  46),  all  of  which  reportedly  was  allowed  to  infiltrate  into  the 
ground;  and  the  Infiltration  of  JP-4  and  weathered  products  into  the  ground 
through  overflow  from  the  1,000-gallon  waste  oil  trap  or  the  leach  pit  at  the 
northwest  corner  of  the  tank  farm. 

The  immiscible  fuel  creates  a  thin  layer  of  small  coalescing  beads  of  petro¬ 
leum  on  the  surface  of  the  groundwater.  The  local  water  table  is  approxi¬ 
mately  23  to  25  feet  below  the  ground  surface.  The  presence  of  the  Vashon 
Till  unit  near  the  ground  surface  apears  to  restrain  the  normal  flow  of  ground- 
water  and  slows  the  migration  of  fuel.  Fuel  odors  and  discoloration  of  soil 
cuttings  was  confirmed  in  Well  AZOl  at  a  depth  of  22  to  32  feet.  With  the 
exception  of  Well  AZOl,  the  two-  to  four-foot  changes  in  seasonal  water  table 
elevations  are  smaller  than  observed  elsewhere,  and  would  tend  to  support  the 
observation  of  a  two-  to  four-foot  band  of  fuel  enrichment  near  the  nominal 
water  table  elevation.  The  measurement  of  apparent  electrical  resistivity 
adjacent  to  Well  AZ06  indicated  high  conductance  and  no  resistivity  at  the 
surface  of  the  saturated  zone.  Measurements  of  apparent  electrical  resisti¬ 
vity  at  two  additional  locations  (Stations  RIO  and  R22)  approximately  1,000 
feet  north  and  northwest  of  this  site  showed  no  deviation  from  background 
resistivity  data  obtained  elsewhere.  Andres  and  Canace  (1984)  reported  their 
success  in  using  electrical  resistivity  techniques  to  delineate  groundwater 
contamination  by  aviation  fuels  in  a  shallow  aquifer  in  course-grained  sands. 
The  data  collected  during  the  Stage  2  Investigations,  although  limited  in 
spatial  coverage,  support  the  premise  that  electrical  resistivity  will  lessen 
in  the  presence  of  groundwater  contamination, 

SAIC  scientists  believe  that  sufficient  data  exist  to  confirm  groundwater 
contamination  in  the  Immediate  vicinity  west  and  north  of  the  liquid  fuels 
bulk  storage  area,  and  that  this  contamination  presents  a  threat  to  the 
surface  aquifer  which  is  used  as  a  potable  water  supply  in  more  than  200 
dwelling  units  immediately  north  and  west  of  the  area.  Off-base  contamination 
is  suspected  based  on  geophysical  survey  data,  and  confirmed  by  groundwater 
monitoring  well  construction  and  subsequent  chemical  analyses.  A  shortcoming 
in  the  data  base  continues  to  be  the  unknown  spatial  extent  of  contamination 
In  the  north  and  northwest  direction  from  the  tank  farm. 
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A  number  of  potentially  feasible  alternatives  were  considered  in  the  evalua¬ 
tion  of  the  floating  fuel  contamination  in  Area  A.  Based  on  the  hydrogeologic 
properties  of  the  area,  groundwater  chemistry,  and  confirmed  off-base  migra¬ 
tion  of  the  floating  fuel,  the  following  potentially  feasible  alternatives 
were  considered: 


•  Capping  -  Covering  or  capping  a  site  reduces  the  hydraulic  head  and 
the  potential  for  migration  by  isolation  of  wastes  from  water  infi¬ 
ltration.  Considered  impractical  in  Area  A  because  contamination  is 
already  in  contact  with  the  groundwater  surface. 

a  Containment  Barriers  -  Constructed  barriers  supplement  the  dam 
effect  created  by  the  elevated  glacial  till  ridge.  Construction 
would  be  difficult  in  outwash  gravels.  Grout  and/or  clay  walls 
would  need  to  be  wide  to  fill  void  spaces  caused  by  gravels  and 
sands.  Probably  not  cost  effective  to  construct  because  of  surface 
obstructions  created  with  military  and  human  development. 

a  Groundwater  Pumping  -  Pumping  of  groundwater  will  lower  the  water 
table  oeneath  a  site  and  contain,  remove,  or  divert  a  contaminant 
pool  or  plume.  Well  suited  to  formations  with  high  transmissivity 
and  storage.  Treatment  and  disposal  of  wastes  are  accomplished 
above  ground.  Potentially  feasible  alternative  for  Area  A. 

»  Subsurface  Drains  -  Drains  can  be  Installed  to  intercept  floating 
contaminants  and/or  collect  leachate  by  gravity  flow  methods.  Not 
suitable  in  areas  of  very  high  soil  permeability.  Subsurface  drains 
will  be  difficult  to  Install  in  Area  A  at  depths  of  25  feet  because 
of  extensive  shoring  requirements.  This  remedial  action  is  not 
readily  applicable  if  contaminants  have  already  reached  the  water 
table. 


In  consideration  of  the  above  alternative  technologies,  the  following  field 
program  options  have  been  developed  for  use  in  instituting  a  remedial  action 
program  to  the  groundwater  contamination  problem  in  Area  A. 

Option  I  -  Well  Field  with  Dewatering  Pump  and  Scavenger  Collectors 

A  proven  method  to  recover  floating  fuel  on  the  groundwater  table  is  the  con¬ 
struction  of  large  diameter  dewatering  wells.’  Stage  2  investigations  have 
proven  that  a  48-inch  boring  can  be  constructed  to  depths  of  at  least  60  feet 
at  McChord  AFB.  A  large  diameter  slotted  steel  or  fiberglass  casing  may  then 
be  installed  in  the  boring  and  washed  gravel  backfilled  into  the  annular 
space.  A  submersible  pump  placed  at  or  near  the  bottom  of  the  casing  can  be 
used  to  lower  the  water  table  and  cause  the  Inflow  of  floating  product  into 
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the  casing  (see  Figure  39).  A  floating  scavenger  collector  is  placed  at  the 
apparent  water  surface  and  lifts  the  recovered  product  to  a  separate  holding 
reservoir. 

The  disposal  of  groundwater  in  the  Area  A  recovery  wells  can  be  accomplished 
by  direct  surface  application,  spray  Irrigation,  or  flood  irrigation  in  the 
partially  wooded  area  south  or  southwest  of  the  tank  farm  or  by  extension  of 
the  drainage  ditch  on  the  south  shoulder  of  Me Chord  Drive.  This  ditch  would 
need  to  be  extended  to,  and  a  culvert  laid  beneath,  Bridgeport  Way  to  allow 
this  water  to  continue  flowing  west  approximately  1,000  feet  before  it  would 
flow  into  the  wetland  area  known  as  Milburn  Pond.  A  third  disposal  option  for 
the  extracted  groundwater  is  to  allow  the  water  to  infiltrate  into  the  ground 
along  the  BNRR  right-of-way  either  north  or  south  of  a  line  which  is  extended 
from  McChord  Drive.  If  discharged  south  of  this  line,  the  water  would  contri¬ 
bute  to  a  local  rise  in  the  water  table  and  may  push  any  fuel  product  trapped 
beneath  the  bulk  storage  tanks  towards  the  recovery  wells.  If  discharged 
north  of  this  line,  the  mounding  of  groundwater  would  push  westward  any  fuels 
present  on  the  water  table  east  and  north  of  Well  AZ06. 

The  success  of  this  dual  pump  system,  regardless  of  the  number  of  wells,  is 
questionable  in  Area  A  because  there  is  insufficient  evidence  to  support  the 
need  for  a  scavenger  pump  system.  Until  evidence  is  established  to  indicate  a 
more  pronounced  floating  fuel  layer,  a  system  which  extracts  both  fuel  and 
water  and  then  separates  or  treats  that  mixture  on  the  ground  surface  may  be  a 
preferred  alternative. 

Option  2  -  Integrated  Dewatering  System  and  Oil/Water  Separation 

In  the  absence  of  a  floating  fuel  cap  on  the  water  table,  an  alternative  to 
large  diameter  drawdown  and  recovery  wells  is  a  gallery  of  recovery  wells 
which  lift  both  water  and  fuel  to  an  aboveground  treatment  system  for  separa¬ 
tion  and  recovery.  The  system  consists  of  a  group  of  closely  spaced  wells, 
usually  connected  by  a  header  pipe  and  pumped  by  suction  centrifugal  punps, 
submersible  pumps,  or  jet  ejector  pumps  (see  Figure  40).  Due  to  the  local 
depth  to  water  (20  to  25  feet),  suction  centrifugal  pumps  are  not  practical. 
Lowering  the  groundwater  level  over  the  site  involves  creating  a  composite 
cone  of  depression  by  pumping  from  the  well  point  system.  The  well  points 
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must  be  spaced  close  enough  together  so  that  the  cones  of  depression  overlap. 
The  resultant  effect  is  a  trough  in  the  water  table  that  Is  in  alignment  with 
a  row  of  wells,  or  a  bowl  in  the  water  table  if  the  wells  are  spaced  in  a 
circle. 

Construction  costs  vary  on  the  type  of  system  chosen.  A  single  ejector  pump 
can  supply  downhole  water  to  more  than  one  well,  but  requires  a  parallel  high 
pressure  water  supply  line.  Well  point  separation  distances  are  frequently 
not  greater  than  10  feet,  requiring  extensive  well  construction  and  piping.  A 
system  designed  to  use  submersible  pumps,  on  the  other  hand,  requires  that  a 
pump  be  placed  in  each  well.  However,  the  pumping  rates  can  be  much  greater 
and  thus  allow  greater  separation  between  wells.  Given  the  soil  type  in  Area 
A,  it  is  probable  that  well  separation  of  50  feet  or  more  is  possible. 

Figure  41  identifies  the  proposed  location  for  the  placement  of  a  linear  array 
groundwater  recovery  system  600  feet  in  total  length.  The  figure  also  iden¬ 
tifies  the  recommended  locations  for  18  additional  electrical  resistivity 
soundings  which  should  be  accomplished  to  confirm  the  extent  of  groundwater 
contamination  upon  and  adjacent  to  Air  Force  property.  As  previously  dis¬ 
cussed,  electrical  resistivity  Station  R9  showed  no  apparent  resistivity  and 
is  located  next  to  the  contaminated  Well  AZ06.  The  two  stations  (RIO  and  R22) 
located  farther  north  suggest  no  abnormalities  from  other  resistivity  data 
collected  in  Area  B  to  the  east  or  Area  A  to  the  south  and  west.  Three  sound¬ 
ings  should  be  performed  east  of  the  fuel  bulk  storage  tanks  to  determine  the 
potential  for  groundwater  contamination  as  a  consequence  of  the  Site  46  fuel 
spill  and  ongoing  activities  with  the  refueling  stand.  Fifteen  soundings  are 
recommended  west  and  north  of  the  tank  farm,  and  are  located  in  an  array  which 
will  help  identify  areas  of  contamination. 

The  final  position  of  the  recovery  well  field  should  be  made  following  comple¬ 
tion  of  the  electrical  resistivity  soundings.  Given  current  knowledge  of  the 
extent  of  fuel  contamination,  the  proposed  north-south  well  line  on  Figure  41 
should  be  constructed  west  of  the  fuel  storage  tanks.  The  line  of  wells  paral¬ 
leling  McChord  Drive  could  shift  farther  north  or  west  depending  upon  resis¬ 
tivity  results. 
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The  fuel  and  water  mixture  brought  to  the  ground  surface  must  pass  through  a 
treatment  system.  A  portable  oil/water  separator  equipped  with  coalescing 
plates  or  tubes  will  provide  for  quiescent  settling  and  physical  separation  of 
the  water  and  fuel.  Fuel  skimmings  can  be  containerized  and  either  burned  or 
reclaimed.  Separator  underflow  if  of  acceptable  quality  could  be  disposed  of 
on  the  ground  surface  as  previously  discussed. 

The  operation  of  this  well  field  is  anticipated  to  last  six  months  to  two 
years.  During  this  time  period  as  much  as  300,000  gpd  will  be  withdrawn  from 
the  aquifer  and  treated  for  fuel  recovery.  Underflow  from  the  oil/water  sepa¬ 
rator  and  monitoring  Wells  AZOl,  AZ04,  and  AZ06  should  be  sampled  to  determine 
changes  in  hydrocarbon  contamination.  Wells  AZ02  and  AZ03  can  be  sampled  less 
frequently  and  serve  as  control  wells  for  the  area.  Sample  analyses  should 
include  the  volatile  organics  using  EPA  Methods  601  and  602  so  as  to  enable 
the  identification  and  quantification  of  suspected  organic  contaminants. 
Periodic  analyses  of  filtered  water  samples  should  also  be  performed  for  such 
heavy  metals  as  chromium,  copper,  iron,  lead,  nickel,  and  zinc. 

Once  the  well  field  is  believed  to  have  been  cleaned,  full  scan  base  neutral 
organics  analyses  (EPA  Method  625)  should  be  performed  on  at  least  three 
different  occasions  from  each  of  monitoring  Wells  AZOl,  AZ04,  and  AZ06,  or 
from  some  of  the  yet-to-be  drilled  recovery  wells  on  the  margins  of  the  con¬ 
taminant  plume. 

As  the  rate  of  recovery  slows  due  to  less  fuel  product  on  the  water  table,  and 
an  unknown  quantity  of  fuel  remains  adsorbed  to  the  soil  matrix,  it  may  be 
beneficial  for  the  Air  Force  to  explore  nutrient  and  oxygen  addition  to  the 
overlying  glacial  outwash  deposits  to  enhance  both  free  product  recovery  and 
accelerated  natural  bioreclamation.  Research  in  hydrocarbon  spills  has  found 
that  injection  of  nutrients  and  hydrogen  peroxide  into  the  contaminated  soils 
in  the  vadose  zone  increases  the  metabolic  activity  of  soil  microorganisms 
(Brown  et  al.,  1984;  Yanlga  and  Smith,  1984;  Bouwer,  1984).  In  their  studies 
on  gasoline  pollution  of  soils  and  shallow  groundwaters,  Baehr  and  Corapcioglu 
(1984)  reported  that  acceleration  of  hydrocarbon  biotransformation  In  the  soil 
can  be  optimized  using  hydrogen  peroxide  at  an  application  rate  of  3.5  pounds 
of  oxygen  per  pound  of  contaminant  hydrocarbon,  assuming  all  other  nutrients 
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are  present.  In  selected  studies  this  nutrient  and  oxygen  enhancement  has  led 
to  decreased  concentrations  of  adsorbed  hydrocarbons  in  the  soil  matrix  by  1.6 
to  2.5  fold  (Yaniga  and  Mulry,  1984).  The  enhanced  recovery  of  free  product 
is  thought  to  be  a  result  of  the  decrease  in  the  affinity  of  the  organics  for 
soil  particles  brought  about  by  enzyme  release  during  microbial  growth. 

5.2  ALTERNATIVE  MEASURES  IN  AREA  B  (Sites  38.  40,  41,  47.  52.  53,  and  55) 

Very  low  concentrations  of  selected  chlorinated  pesticides  and  some  of  the 
hydrocarbon  fractions  found  in  aviation  fuels,  automotive  fuels,  and  lubri¬ 
cants  have  been  measured  in  the  groundwaters  west  and  north  of  the  major 
maintenance  activities  along  MAC  ''C*  ramp.  French  drains  and  dry  wells  within 
maintenance  hangars  between  "B"  Street  and  "C"  ramp  have  been  connected  to  the 
sanitary  sewer.  Prior  to  that  connection,  floor  washdown  and  industrial  waste 
residue  was  disposed  to  the  ground  infiltration  disposal  system.  Measured 
concentrations  of  organic  chemical  contaminants  are  near  detection  limits  and 
do  not  allow  for  either  source  identification  or  any  immediate  remedial 
response  based  on  current  water  quality  criteria.  Based  upon  limited  sampling 
results,  however,  there  is  apparent  contamination  by  phenols  and  methylene 
chloride  in  the  northwest  sector  of  Area  B,  including  Well  BZOl  and  the  nested 
Well  BAOl  to  BA03. 

The  presence  of  measurable  phenol  has  not  been  confirmed  through  additional 
sampling,  but  the  repeated  presence  of  quantifiable  methylene  chloride  in 
groundwater  samples  would  indicate  some  degree  of  contamination.  Methylene 
chloride  has  been  used  in  the  industrial  operations  in  Area  B  for  several 
years.  It  has  been  used  as  a  paint  remover,  a  vapor  degreasing  and  dip 
solvent  for  metal  cleaning,  and  frequently  as  a  solvent  carrier  in  the  manu¬ 
facturing  of  herbicides  and  insecticides.  Its  concentration  In  the  shallow 
aquifer  as  measured  at  or  near  the  water  table  ranges  from  25  to  approximately 
160  ug/1  in  wells  with  multiple  confirmations.  It  has  also  been  confirmed  to 
be  in  the  upper  zone  of  the  lower  aquifer. 

The  U.S.  EPA  has  not  yet  established  or  proposed  drinking  water  criteria  for 
methylene  chloride  (frequently  referred  to  as  dichloromethane) .  As  an  interim 
action,  however,  U.S.  EPA  Region  10  has  established  health  advisory  levels  for 
methylene  chloride  in  drinking  water.  These  limits  Include  13  mg/ 1  for  one 
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day;  1.5  mg/1  for  10  days;  and  0.1  mg/1  long-term  exposure.  The  chemical 
Itself  is  very  volatile  and  miscible  with  a  variety  of  other  solvents. 
Hydrolysis  leads  to  the  formation  of  hydrochloric  acid.  However,  commercial 
preparations  of  dichlorome thane  frequently  contain  Inhibitors  which  retard  the 
rate  of  hydrolysis.  Phenolic  compounds  are  frequently  used  as  stabilizers  in 
liquid  stocks  of  dichlorome  thane  (Macklson  et  al.,  1981).  This  fact  is  not 
overlooked  when  the  monitoring  wells  at  the  north  end  of  Area  B  contain  ele¬ 
vated  concentrations  of  both  methylene  chloride  and  total  phenols. 


In  summary,  the  presence  of  methylene  chloride  in  the  groundwater  In  Area  B  is 
an  indication  of  the  susceptibility  of  the  aquifer  to  contamination  by  surface 
activities.  This  aquifer  is  used  for  private  and  public  water  supplies  from 
wells  constructed  west,  north,  and  northeast  of  Area  B.  There  are  no  known 
active  disposal  sites  of  methylene  chloride  or  other  solvents  or  hydrocarbons 
which  provide  direct  connection  between  surface  activities  and  the  groundwater 
as  once  did  the  French  drains  and  dry  wells. 

Option  1  -  Extended  Monitoring  of  Area  B  Wells 

In  the  absence  of  established  water  quality  guidelines  for  the  measured 
contaminants,  and  because  no  surface  water  or  domestic  water  suplies  appear 
threatened  by  the  low-level  contamination,  it  is  suggested  that  no  remedial 
actions  be  Implemented  at  this  time  in  Area  B.  However,  a  long-term  monitor¬ 
ing  program  should  be  instituted  to  maintain  the  wells  and  to  collect  and 
analyze  groundwater  samples.  Highlights  of  the  monitoring  program  should 
include; 

•  Attempt  to  straighten  Well  BZ03.  If  unsuccessful!,  the  well  should 
be  closed  in  accordance  with  state  requirements  and  the  protective 
steel  casing  removed  from  the  open  field. 

•  All  wells  should  be  flushed  by  air  lift  or  other  means  at  least  once 
each  year  to  remove  settled  silts  and  fines,  and  to  help  keep  open 
all  slots  in  the  PVC. 

•  Wells  BZOl,  BZ02,  BA03,  and  BAOl  should  be  sampled  at  least  twice 
per  year.  Sample  analyses  should  include  volatile  organic  chemicals 
(using  EPA  Method  601  and  602),  and  heavy  metals  (As,  Cr,  Cu,  Pb, 

Nl,  Se,  and  Zn)  on  filtered  groundwaters.  Second-column  confirma¬ 
tion  should  be  accomplished  if  volatile  compounds  exceed  threshold 
concentrations  established  by  USAFOEHL.  Heavy  metals  may  be 
discontinued  if  three  successive  sampling  events  confirm  that 
drinking  water  criteria  are  not  violated. 
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•  Groundwater  samples  collected  from  the  screened  depth  at  Well  BAOl 
(208  ft  to  218  ft  below  grade)  and  those  collected  In  Wells  BA03 
(115  ft  to  125  ft)  and  BZOl  should  be  analyzed  for  chlorinated  pest¬ 
icides  on  an  annual  basis  or  concurrent  with  testing  of  base  water 
supply  wells. 

5.3  ALTERNATIVE  MEASURES  IN  AREA  C  (Sites  12.  33,  37,  42,  45,  54,  57  58,  60, 

61  and  62 

Two  groundwater  contamination  conditions  exist  In  Area  C.  One,  readily  appar¬ 
ent  and  worthy  of  Immediate  remedial  action,  Involves  a  floating  fuel  cap 
possibly  containing  leaded  gasolines,  diesel  fuel,  and  low  levels  of  organic 
solvents  In  the  area  between  ”C"  and  "D”  ramps.  The  second  contamination  Inci¬ 
dent  Involves  the  presence  of  trace  level  pesticide  and  chlorinated  solvents 
In  the  surface  and  lower  aquifers  as  measured  In  the  n^isted  Wells  CAOl  through 
CA04  northeast  of  the  liquid  fuels  bulk  storage  tanks. 

Option  1  -  Extended  Monitoring  of  Area  C  Wells 

A  long-term  monitoring  program  along  and  hydraulically  downgradlent  of  MAC  "D" 
ramp  Industrial  activities  should  be  Initiated  to  provide  early  detection  of 
changes  In  groundwater  quality,  particularly  those  which  could  Impact  base  or 
off-base  domestic  water  supplies.  Area  C  activities  are  bounded  on  the  west 
by  Clover  Creek  and  lie  within  2,500  feet  of  domestic  water  supplies  In  the 
residential  area  north  of  the  liquid  fuels  tank  farm. 

Wells  CZOl  and  CZ03,  shallow  wells  constructed  closest  to  many  of  the  Indus¬ 
trial  activities,  should  be  monitored  as  part  of  a  quarterly  groundwater  moni¬ 
toring  program.  Well  CZ05  could  also  be  part  of  this  monitoring  program  once 
the  floating  fuel  has  been  removed.  Water  samples  should  be  collected  at  the 
water  table  and  at  20  or  more  feet  below  the  water  table  In  each  well  sampled. 
These  samples  should  be  analyzed  for  volatile  organic  chemicals  (EPA  Methods 
601  and  602),  pH,  and  specific  conductance.  At  least  twice  per  year  a  heavy 
metals  analysis  (As,  Cr,  Cu,  Fe,  Pb,  Nl,  Se,  Zn)  should  be  performed  on  a 
filtered  water  sample  from  at  least  one  depth  In  the  well.  A  time  series 
analysis  of  the  data  may  Indicate  temporal  changes  and  warn  of  any  continuing 
waste  disposal  practice  which  should  be  Identified  and  eliminated.  Conversely, 
time-series  analyses  over  an  extended  period  may  allow  the  discontinuation  of 
testing  for  select  analytes. 
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Wells  CAOl,  CA03,  and  CA04  should  be  a  part  of  the  annual  monitoring  program 
with  Wells  BAOl  through  BA03  and  other  base  water  supply  wells.  These  wells 
should  be  tested  for  pesticides  on  at  least  an  annual  basis.  Beginning  imme¬ 
diately  and  continuing  until  time  series  analysis  would  allow  the  program  to 
be  suspended,  water  samples  should  also  be  collected  in  the  screened  zone  of 
each  of  the  above  wells  (i.e.,  CAOl  at  196  ft  to  216  ft;  CA03  at  148  ft  to  168 
ft;  and  CA04  at  36  ft  to  66  ft)  and  be  analyzed  for  volatile  organic  chemicals 
(EPA  Methods  601  and  602)  to  confirm  the  presence  of  trichloroethylene  and 
methylene  chloride  in  both  the  upper  and  lower  aquifers.  Finally,  heavy 
metals  analysis  (As,  Cr,  Cu,  Fe,  Pb,  Ni,  Se,  Zn)  should  be  conducted  on  fil¬ 
tered  samples  from  the  three  wells.  Current  data  (see  Section  4.3.4)  suggest 
that  water  in  the  middle  of  the  upper  aquifer  as  sampled  through  Well  CA03  may 
be  more  Impacted  by  heavy  metals  than  those  zones  of  the  aquifer  screened  by 
the  other  wells.  The  elevated  heavy  metal  concentrations  in  Well  CA03, 
however,  may  be  associated  with  glacial  silts  or  bentonite  clays  as  the  screen 
zone  is  Immediately  below  a  thick  unit  of  Vashon  Till  and  a  bentonite  plug. 

Option  2  -  Expanded  Electrical  Resistivity  Study  Near  Building  792 

The  presence  of  a  floating  fuel  cap  which  has  varied  in  thickness  from  one- 
half  to  17  Inches  has  been  confirmed  in  Well  CZ05.  Follow-on  action  should  be 
initiated  to  recover  this  fuel  which  retains  a  high  flammability  and  burns 
complete  with  little  residue.  So  as  to  help  determine  the  type  and  number  of 
recovery  wells,  electrical  resistivity  stations  should  be  established  north  of 
the  "D"  ramp  wash  rack  and  the  leach  pit  near  Building  790  (Site  54).  Figure 
42  identifies  the  proposed  locations  of  these  resistivity  stations.  With  a 
grid  spacing  of  200  feet  the  resistivity  data  will,  when  coupled  with  the 
known  information  from  the  six  monitoring  wells  in  the  area,  enable  the 
designer  to  select  the  type,  size,  and  position  of  a  groundwater  and  floating 
fuel  recovery  system. 

Option  3  -  Integrated  Dewatering  System  and  Liquid  Fuels  Recovery 

A  fuel  recovery  program  should  be  implemented  Immediately  in  the  area  between 
MAC  "C"  and  MAC  "D"  ramps.  While  the  source(8)  of  the  fuel  are  unknown,  the 
leaded  gasoline  component  and  the  weathered  features  of  the  product  indicate 
the  fuel  is  of  a  historical  origin  and  no  current  sources  are  suspected.  The 
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design  of  the  fuel  recovery  system  will  be  Influenced  by  the  results  of  the 
electrical  resistivity  study  In  that  those  data  will  help  determine  the  areal 
extent  of  contamination  and  what  Is  believed  to  be  the  leading  edge  of  the 
fuel  cap  In  the  hydraulically  downgradlent  (Ite.,  north-northwest)  direction. 
Figure  42  Identifies  the  estimated  location  of  the  leading  edge  of  the  float¬ 
ing  fuel  cap  based  upon  observations  and  measurements  made  In  Wells  CZOl, 
CZ05,  CROl,  CR02,  and  CR04. 

A  fuel  recovery  system  should  be  Installed  consisting  of  not  less  than  5  and 
perhaps  as  many  as  15  recovery  wells.  The  depth  of  recovery  wells  need  not 
exceed  40  to  45  feet  as  most  product  appears  to  be  15  to  20  feet  below  the 
ground  surface.  Its  design  may  employ  either  a  drawdown  pump  and  scavenger 
pump  operation,  or  rely  principally  on  a  single  pump  operation  and  treatment 
of  all  water  at  the  ground  surface.  It  Is  anticipated  that  the  major  pooling 
of  fuel  will  be  found  east  and  northeast  of  Building  792.  The  row  of  slx-lnch 
diameter  wells  (CROl,  CR02,  and  CR04)  adjacent  to  the  southern  edge  of  MAC 
"C"  ramp  may  be  used  as  a  secondary  drawdown  system  during  fuel  recovery 
operations  to  ensure  that  product  does  not  migrate  beneath  the  ramp  or  aprons. 
In  part  because  of  distances  to  011/Water  Separator  No.  2,  and  because  that 
separator  must  at  all  times  meet  the  needs  for  treatment  of  stormwater  runoff. 
It  Is  suggested  that  portable  oll/water  separators  and  product  recovery  reser¬ 
voirs  be  positioned  In  the  field  of  recovery  wells.  The  portable  separators 
should  be  fitted  with  coalescing  plates  to  maximize  product  recovery  in  a 
minimum  number  and  size  of  unit  processes. 

While  recovered  fuel  will  be  captured  and  either  burned  or  recycled,  the 
disposal  of  drawdown  water  and  separator  underflows  Is  more  complicated  than 
In  Area  A  because  of  the  Intense  Industrialization  In  the  area  and  presence  of 
Clover  Creek.  Groundwater  recovered  through  drawdown  pumps  which  Is  tested 
clean  may  be  discharged  to  Clover  Creek  pending  approval  by  the  WDOE  and  U.S. 
EPA.  Drawdown  discharges  should  be  manifolded  and  then  passed  through  a  stil¬ 
ling  basin  prior  to  surface  discharge.  The  stilling  basin  will  allow  for 
visual  observation,  ease  in  sampling,  and,  if  necessary,  installation  of 
continuous  monitoring  probes  and  a  high  oil  sensing  alarm.  This  alarm  could 
control  operation  of  all  drawdown  pumps  and  effect  a  system  shutdown  upon 
sensing  of  high  oil  concentrations. 
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Figure  42 

SUGGESTED  LOCATIONS  OF  ELECTRICAL 
RESISTIVITY  STATIONS  IN  AREA  C  TO 
DETERMINE  AREAL  EXTENT  OF  FLOATING 
FUEL  CAP,  McCHORD  AFB,  WASHINGTON 


LEGEND 

R  Stage  3  Electrical  Resistivity  Sta¬ 
tions 

•CZOSGroundwater  Monitoring  Wells 
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Separator  underflows,  by  design  not  expected  to  exceed  15  mg/l  of  oil  and 
grease  If  coalescing  plates  or  tubes  are  utilized,  may  be  eligible  for  direct 
discharge  to  Clover  Creek.  However,  a  second  disposal  strategy  could  Include 
a  partial  or  total  discharge  of  the  water  Into  the  leach  pit  near  Building  790, 
Into  a  drainage  swale  west  of  Building  789  (after  plugging  a  storm  drain  catch 
basin  that  flows  to  Clover  Creek),  or  Into  a  surface  Infiltration  pond  or 
ditch  constructed  on  grade  using  earthen  berms  or  other  water  retaining 
barriers.  This  act  of  partially  recharging  the  local  surface  aquifer  will 
help  to  flush  adsorbed  hydrocarbons  and  also  help  stabilize  the  groundwater 
table  elevation  so  as  to  effect  maximum  product  recovery.  Yanlga  (1984) 
presented  evidence  that  recovery  of  floating  product,  or  product  In  the  vadose 
zone,  was  greater  when  In  a  static  water  condition  than  In  either  a  raised  or 
lowered  water  table.  The  brine  disposal  test  conducted  near  Well  CZOl  con¬ 
firmed  that  water  applied  at  a  rate  of  about  300  gpm  will  rapidly  Infiltrate 
Into  the  permeable  ground  surface. 

If  a  decision  must  be  made  as  to  which  of  Areas  A  or  C  receives  first  atten¬ 
tion,  It  Is  SAIC's  recommendation  that  Area  A  receive  first  response.  There 
Is  confirmed  off-base  migration  of  fuel  from  Area  A  Into  an  aquifer  used  for 
domestic  water  supplies.  This  decision  Is  also  supported  by  laboratory  analy¬ 
sis  of  the  Area  C  fuels  which  Indicate  that  the  product  Is  probably  AVGAS 
which  may  have  been  trapped  In  Its  location  for  20  or  more  years. 

5.4  ALTERNATIVE  MEASURES  IN  AREA  D  (Sites  5,  6,  7,  26,  35,  and  39) 

Phase  II  Investigations  In  Area  D  have  Included  geophysical  studies  and  con¬ 
struction  of  10  monitoring  wells.  Groundwa':er  samples  collected  from  wells 
west  of  closed  base  landfills  have  consistently  been  free  of  the  volatile 
organic  contaminants  of  concern,  even  when  the  wells  have  been  pumped  for 
eight  consecutive  weeks.  Near  the  Base  Housing  Gate,  however,  and  farther 
north  towards  the  west  end  of  the  ordnance  storage  area,  measurable  quantities 
of  1 ,2-trans-dlchloroethylene  and  trichloroethylene  have  been  Identified  with 
consistent  regularity  and  at  stable  concentrations. 

Groundwater  flow  near  the  Base  Housing  Gate  moves  off-base  Into  the  American 
Lake  Garden  Tract.  Mapping  of  the  water  table  elevations  shows  a  surface 
plane  which  has  both  a  southwest  pitch  and  a  warp  which  allow  a  great  amount 
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of  water  to  flow  towards  the  American  Lake  Garden  Tract.  This  particular  area 
of  McChord  AFB  is  also  the  only  area  of  the  base  where  both  geophysical 
exploration  and  monitoring  well  construction  confirmed  the  absence  of  the 
glacial  till  unit.  The  substitution  of  this  glacial  till  unit  with  a  full 
vertical  column  of  permeable  gravels  and  sands,  especially  when  combined  with 
a  skewed  water  table,  allows  for  a  very  productive  aquifer.  Continuous  pumping 
in  wells  near  the  Base  Housing  Gate  affected  drawdown  by  only  three  feet  where 
till  was  not  present.  The  same  rate  of  pumping  In  areas  Influenced  by  the 
till  (e.g..  Well  DR02)  resulted  In  water  table  drawdowns  of  more  than  25  feet. 

The  same  chemicals  of  concern  as  measured  in  Area  D  wells  are  also  Identified 
In  a  number  of  private  domestic  wells  In  the  American  Lake  Garden  Tract. 
Intensive  sampling  of  Area  D  and  off-base  wells  during  a  four  month  period  con¬ 
firmed  that  the  highest  concentrations  of  both  1 ,2-trans-dichloroethylene  and 
trichloroethylene  are  found  near  the  Base  Housing  Gate  and  in  the  northeast 
corner  of  the  housing  subdivision.  Lesser  concentrations  are  found  along  what 
appears  to  be  a  relic  stream  channel  In  the  American  Lake  Garden  Tract  west 
(and  downgradlent)  of  the  northeast  corner  of  the  subdivision.  Lesser  concen¬ 
trations  of  the  contaminants  are  also  found  northeast  of  the  the  Base  Housing 
Gate  guard  shack  near  old  burn  kettles  and  ordnance  disposal  sites.  The 
contaminants  have  not  been  Identified  with  flowing  groundwaters  east  of  the 
gate  house  and  hydraulically  downgradlent  of  the  base  landfills. 

The  field  Investigations  conducted  to  date  have  failed  to  Identify  the 
source(s)  of  organic  chemical  contamination  affecting  groundwater  near  the 
McChord  Base  Housing  Gate  or  the  northeast  corner  of  the  American  Lake  Garden 
Tract.  Thus,  the  development  and  design  of  a  remedial  action  program  is  not 
yet  possible  and  the  identity  of  the  responsible  party  remains  in  question. 
Additional  field  Investigations  should  be  accomplished  to  fill  the  following 
data  gaps: 

•  Determine  the  potential  for  past  solvent  disposal  at  Site  26. 

•  Conduct  a  records  search  of  McChord  AFB  waste  disposal  activities  in 
the  areas  now  covered  by  the  golf  course,  base  housing,  and  weapons 
storage.  Reevaluate  Phase  I  findings  related  to  identification  of 
waste  disposal  practices  at  the  Site  4  landfill. 

•  Confirm  the  presence  of  either  a  southwest  or  a  westward  flow  of 
groundwater  toward  the  American  Lake  Garden  Tract. 
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•  Confirm  and  identify  the  sourceCs)  of  contamination  in  the  American 
Lake  Garden  Tract,  be  they  activities  on  McChord  AFB,  local  sources 
within  the  Garden  Tract,  or  historical  or  ongoing  waste  disposal 
practices  on  the  Fort  Lewis  Military  Reservation. 

•  Confirm  that  groundwater  contamination  problems  in  the  Lakewood  area 
are  not  associated  with  either  activities  on  McChord  AFB  south  of 
McChord  Drive  (i.e..  Sites  4  and  26),  or  with  groundwater  contamina¬ 
tion  in  the  American  Lake  Garden  Tract. 

The  following  monitoring  options  have  been  developed  for  use  in  collecting  the 
necessary  information  on  which  to  base  future  IRP  work. 

Option  1  -  Electrical  Resistivity  Across  Area  D 

Electrical  resistivity  soundings  should  be  performed  near  Site  4,  the  closed 
landfill  east  of  Gingko  Drive  (see  Figure  43).  Additional  soundings  should  be 
performed  in  the  area  southwest  of  the  ordnance  storage  area.  This  area 
(Site  26)  consists  of  numerous  burn  kettles  used  for  the  disposal  of  munitions 
and  industrial  wastes.  Air  photos  show  active  disposal  of  wastes  in  both  of 
the  above  areas  during  the  1950s  and  early  1960s.  Swampy  depressions  to  the 
southeast  and  southwest  of  Site  26  restrict  the  placement  of  the  resistivity 
stations.  These  depressions  are  nonoverflowing  and  discharge  to  the  surface 
aquifer.  Resistivity  stations  should  be  placed  both  south  of  Well  DR05  to 
evaluate  the  possibility  that  water  and  contaminant  flows  are  toward  the 
American  Lake  Garden  Tract,  and  between  the  No.  3  and  No.  4  fairways  on  the 
base  golf  course.  These  stations  reflect  the  alignment  of  surface  water 
drainage  patterns  toward  the  elementary  school  on  Lincoln  Boulevard  and  serve 
to  identify  if  contaminated  groundwater  flows  to  the  west  of  the  large  marshy 
areas . 

Option  2  -  Soil  Gas  Monitoring 

Remote  detection  and  quantification  of  soil  gases  above  the  water  table  is  a 
rapid  method  of  detecting  and  delineating  the  areal  extent  of  groundwater  or 
soil  contamination  by  volatile  organic  chemicals.  Organic  chemicals  which  ate 
in  the  groundwater  tend  to  volatilize  according  to  physical  constants  and 
Henry's  Law  of  chemical  partitioning  so  as  to  achieve  concentration,  equili¬ 
briums  in  both  the  groundwater  and  the  void  spaces  in  the  unsaturated  vadose 
zone  above  the  water  table.  A  gaseous  chemical  concentration  gradient  then 
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Figure  43 


SlICCESTED  LOCATION  OF  AREA  D  SOIL  GAS 
SURVEYS,  SEISMIC  REFRACTION  LINES,  AND 
ELECTRICAL  RESISTIVITY  STATIONS 
McCHORD  AIR  FORCE  RASE,  WASHINGTON 
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becomes  established  In  the  vadose  zone  between  the  water  table  and  the  ground 
surface.  Detection  and  measurement  of  a  chemical  In  Its  gaseous  state  may 
then  be  used  to  approximate  Its  presence  and  concentration  In  groundwater. 
Low  molecular  weight  petroleum  and  halogenated  hydrocarbons  possessing  high 
vapor  pressures  (high  gas-llquld  partitioning  coefficients)  and  low  aqueous 
solubilities  are  most  appropriate  for  the  success  of  this  remote  sensing 
technique  (Marrln  and  Thompson,  1984).  The  two  chemicals  of  concern  In  Area 
D,  specifically  trichloroethylene  and  1,2-trans-dlchloroethylene,  meet  these 
criteria.  Measuring  the  concentration  of  diffusing  chemicals  In  the  soil  gas 
In  the  top  5  to  10  feet  of  soils  provides  an  Initial  estimate  of  the  direc¬ 
tion,  extent,  and  chemical  composition  of  groundwater  contamination. 

The  soil  gas  survey  Is  frequently  performed  by  driving  a  hollow  steel  rod  Into 
the  soil.  Side  wall  perforations  allow  for  soil  gases  to  be  pulled  through 
the  rod  when  a  vacuum  Is  applied  at  the  ground  surface.  The  rod  Is  extracted 
once  the  gas  sample  Is  collected.  Soil  gases  can  be  analyzed  using  field 
Instrumentation  or  a  mobile  gas  chromatograph.  The  gas  analysis  can  be 
quantitative  or  with  proper  column  separation  can  be  specific  for  a  qualita¬ 
tive  analysis.  The  equipment  can  be  calibrated  using  standard  gases  or  liquid 
chemicals. 

The  Air  Force  Is  cautioned  that  the  gravel  outwash  may  preclude  successfully 
using  a  simple  steel  rod  for  soil  gas  collection.  Instead,  shallow  borings 
may  have  to  be  drilled  to  a  predetermined  depth,  laboratory  tubing  or  rigid 
pipe  fixed  with  a  screen  zone  at  the  bottom  Inserted  Into  the  borehole,  and 
the  hole  backfilled  and  compacted.  Extraction  of  soil  gases  can  commence  once 
the  borehole  Is  resealed  from  direct  atmospheric  connection.  The  flexible 
tubing  or  rigid  pipe  can  be  left  In  place  to  allow  repeated  monitoring  of  soil 
gases  and  removed  when  the  studies  are  concluded. 

Figure  43  identifies  three  general  areas  in  which  soil  gas  surveys  could  be 
performed.  These  are: 

•  Base  Housing  Gate  -  An  L-shaped  survey  area  of  approximately  200,000 
square  feet.  The  area  contains  a  low  surface  drainage  spot  adjacent 
to  Lincoln  Boulevard  north  of  Well  Wl  found  to  contain  trichloro¬ 
ethylene  solvent  residual  in  the  mixed  surface  sediments  and  leaf 
detritus,  and  a  second  site  between  EPA  Well  Wl  and  USAF  Well  DZ07 
which  air  photos  suggest  was  a  small  burial  pit  prior  to  construc¬ 
tion  of  the  gate  house. 


•  Site  4  Burial  Pit  -  A  rectangular  survey  area  encompassing  approxi¬ 
mately  250,000  square  feet.  Site  4  served  as  a  base  disposal  area 
of  domestic  and  Industrial  wastes.  Aerial  photographs  Indicate 
numerous  open  excavations,  stains,  standing  liquids,  and  seeps 
(Dabney,  1982). 

•  Site  26  Burn  Kettles  -  As  many  as  10  burn  kettles  were  used  for 
Ignition  and  disposal  of  munitions  and  Industrial  fuels  and  chem¬ 
icals.  Confirmed  contamination  by  chlorinated  solvents  as  measured 
In  Well  DR05  Indicate  the  burn  kettles  may  have  been  used  for  liquid 
waste  disposal.  Three  gas  survey  areas  are  Identified  In  Site  26 
and  total  approximately  300,000  square  feet. 


The  soil  gas  survey  stations  should  be  aligned  with  a  grid  spacing  of  approxi¬ 
mately  50  feet.  Approximately  300  stations  will  be  required  to  accomplish  the 
above  surveys.  Four  to  six  weeks  may  be  required  to  complete  the  analyses  and 
interpret  the  data. 

Option  3  -  Seismic  Refraction  Lines 

A  continuation  of  seismic  refraction  surveys  is  suggested  to  define  the 
vertical  separations  between  groundwater  and  the  surface  of  the  glacial  till 
unit.  Survey  lines  as  shown  on  Figure  43  will  help  close  the  surveys  between 
seismic  refraction  lines  B-B'  and  E-E'  as  performed  during  this  Stage  2  inves¬ 
tigation  (see  Appendix  G).  Seismic  refraction  lines  should  extend  past  the 
abandoned  landfill  at  Site  4  and  follow  the  road  shoulders  on  Glngko  and 
Chestnut  Drives.  Additional  survey  lines  could  follow  gravel  oadways  and 
golf  cart  path?  as  the  survey  Is  extended  east  from  Lincoln  Boulevard  near  the 
base  housing  water  tower  to  the  burn  kettles  of  Site  26,  and  thence  south  to 
close  near  Lincoln  Boulevard  at  the  base  of  Mars  ’.1111, 


The  seismic  refraction  field  studies  and  report  preparation  could  be  accom¬ 
plished  in  approximately  60  days.  The  seismic  study.  If  performed,  should  be 
coordinated  with  the  electrical  resistivity  studies  to  heighten  the  Interpreta¬ 
tion  of  both  study  components. 

Option  4  -  Continued  Groundwater  Monitoring 

Groundwater  monitoring  should  continue  in  Air  Force  Wells  DROl  and  DR05.  Both 
submersible  pumps  should  resume  operation.  Pump  discharge  could  possibly  be 
lofted  airborne  over  the  marshes  currently  used  for  water  disposal.  This 
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aeration  will  help  to  strip  the  volatile  organics  from  the  discharge  water. 
The  EPA  wells  parallel  to  McChord  Drive  should  be  sampled  for  volatile  organics 
and  water  table  data.  EPA  Well  lA  has  been  vandalized  and  an  obstruction 
currently  blocks  the  well  casing.  Attempts  should  be  made  to  remove  the 
obstruction.  If  the  blockage  cannot  be  removed,  the  EPA  should  be  asked  to 
have  the  well  closed  in  accordance  with  state  regulations.  Finally,  monitor¬ 
ing  wells  installed  by  EPA  in  the  American  Lake  Garden  Tract  should  also  be 
analyzed  to  determine  temporal  changes  in  contaminant  concentrations.  The 
wells  to  be  tested  most  frequently  are  those  screened  at  the  AO-  to  60-foot 
depth  from  the  ground  surface. 

Water  samples  should  be  collected  at  least  once  per  month  and  tested  for  vola¬ 
tile  organics  and  specific  conductance.  Soundings  of  the  water  table  should 
be  made  once  per  week.  Because  of  the  possibility  that  ordnance  wastes  may 
also  be  impacting  the  groundwater  supplies,  nitrate  nitrogen  and  soluble  iron 
should  be  sampled  at  least  three  times  in  each  of  Wells  DROl,  DR05,  DZ03,  and 
EPA  Wells  W1  through  W5. 

5.5  ALTERNATIVE  MEASURES  IN  AREA  E  (Sites  10,  A9.  50,  51,  and  56)  AND  AREA  J 
(Sites  36  and  A8) 

Repeated  monitoring  of  groundwater  in  Area  E  has  confirmed  the  i  resence  of 
trace  level  volatile  organics  at  the  surface  of  the  water  table.  The  chemicals 
Identified  are  fuel  related  or  representative  of  solvents  used  in  aircraft  and 
engine  maintenance  activities.  Benzene  and  toluene  have  been  detected  at 
concentrations  less  than  10  ug/1  in  all  wells.  This  contamination  is  likely  a 
consequence  of  fuel  spills  which  were  directed  or  allowed  to  run  off  into  road¬ 
side  ditches  (Site  51)  or  surface  depressions  (Site  50)  west  of  the  maintenance 
buildings.  Tetrachloroethylene  was  once  detected  but  unconfirmed  in  Well  EZOl, 
and  methylene  chloride  has  been  detected  in  most  wells  on  repeated  sampling 
episodes.  The  highest  concentrations  of  chemical  contaminants  are  reported  in 
the  monitoring  wells  near  the  surface  depressions. 

Area  J  sample  results  Indicate  very  low  contamination  by  the  volatile  organics 
and  pesticides,  with  no  contamination  by  the  base  neutral  organics.  An  unrep¬ 
licated  sample  identified  trichloroethylene  as  present  in  the  water  at  2.4 
ug/1.  No  samples  were  analyzed  for  pentachlorophenols ,  an  oversight  during 
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the  scoping  of  the  field  study.  Groundwater  samples  should  be  analyzed  for 
pentachlorophenol  (PCP)  content  to  determine  If  there  are  any  measurable 
Impacts  that  may  be  associated  with  the  reported  PCP  spill  (Site  48). 

The  Air  Force  has  undertaken  numerous  actions  to  prevent  the  future  release  of 
waste  or  spilled  fuel  or  chemical  solvents.  New  oll/water  separators  have 
been  placed  near  Area  E  operations,  and  the  existing  units  rehabilitated  with 
coalescing  plates.  Defuellng  tanks  have  been  Inspected  and  Identified.  The 
defuellng  ramp  near  Building  342,  which  was  reported  to  have  occasionally 
overflowed  to  the  surface  depression  (Site  50)  west  of  Sixth  Street,  has 
undergone  upgrade  to  Include  curbing  and  Installation  of  a  roof.  Precipita¬ 
tion  will  no  longer  be  able  to  fall  upon  the  ramp  and  either  enter  the  defuel¬ 
lng  tank  and  cause  It  to  surcharge  or  cause  the  mobilization  of  fuel  In 
surface  runoff.  Finally,  rototllllng  of  the  open  fields  west  and  south  of 
Building  342  has  been  accomplished  for  weed  and  brush  control.  This  activity 
has  resulted  In  aeration  of  the  soils  In  the  depression  (Site  50)  Impacted  by 
fuel  spills  and  contaminated  runoff.  This  soil  aeration  has  led  to  greater 
volatilization  of  fuels  and  will  hasten  microbial  degradation. 

Option  1  -  Continued  Groundwater  Monitoring 

A  groundwater  monitoring  program  should  be  Implemented  to  measure  the  effec¬ 
tiveness  of  remedial  or  preventive  measures  contributing  to  the  Improvement  of 
groundwater  quality.  This  monitoring  program  should  utilize  the  three  Area  E 
wells  still  remaining  (EZOl,  EZ02,  and  EZ05)  and  Well  JZOl.  The  wells  should 
be  fully  flushed  at  least  once  every  12  months.  Specific  conductance  and  pH 
should  be  monitored  In  all  wells  on  a  monthly  basis.  The  detection  of  gross 
changes  In  either  parameter  may  Indicate  a  contamination  Incident.  Water 
samples  should  be  collected  at  the  surface  and  20  feet  below  the  '.iater  table 
In  each  well  at  least  twice  per  year  and  analyzed  for  volatile  organic  com¬ 
pounds  using  EPA  Methods  601  and  602.  The  observed  concentrations  of  benzene 
and  toluene  should  decline  If  the  new  and  rehabilitated  oll/water  separators 
are  effective  In  eliminating  overflows  or  spills  of  fuel.  Similarly,  methyl¬ 
ene  chloride,  trichloroethylene,  tetrachloroethylene  or  other  solvent  residuals 
should  decline  In  concentration  as  a  consequence  of  revised  guidelines  on  the 
use  and  disposal  of  these  chemicals. 
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Heavy  metals  should  be  analyzed  on  filtered  water  samples  from  each  well  taken 
on  three  separate  occasions  over  a  6-  to  12-month  period.  On  the  basis  of 
total  heavy  metals,  arsenic,  chromium,  and  selenium  concentrations  exceed 
drinking  water  criteria.  However,  these  data  are  representative  of  total 
metal  content  and  Include  both  particulate  and  dissolved  heavy  metals.  Moni¬ 
toring  of  heavy  metals  can  be  eliminated  If,  as  Is  expected,  the  soluble  heavy 
metal  concentrations  do  not  exceed  water  quality  criteria. 

Finally,  Well  JZOl  should  be  sampled  to  determine  If  pentachlorophenol  resid¬ 
uals  are  present  which  may  Indicate  Impact  associated  from  the  reported  POP 
spill.  Three  samples  should  be  taken  over  a  period  of  one  year  and  analyzed 
for  pentachlorophenol. 

Option  2  -  Soil  Aeration 

Biological  degradation  of  fuel-enriched  soils  will  occur  when  the  soils  have 
microorganism  communities  capable  of  stabilizing  the  waste  types  and  sufficient 
amounts  of  oxygen  and  nutrients  to  sustain  the  organisms.  The  bacterial  flora 
in  most  soils  are  capable  of  utilizing  many  petroleum  products  as  a  carbon 
source.  The  addition  of  soil  oxygen  will  generally  Increase  the  rate  of  meta¬ 
bolism.  Because  the  drilling  program  encountered  very  little  fuel  enriched 
soils  at  depth.  It  Is  hypothesized  that  most  spilled  fuels  carried  into  the 
surface  depression  (Site  50)  west  of  Building  307  are  retained  in  the  soil 
fines  and  organic  detritus.  Rototilling  of  the  soils  in  the  summer  of  1983 
helped  to  aerate  the  soil,  volatilize  hydrocarbons,  and  leave  other  hydrocar¬ 
bons  exposed  for  photooxldatlon.  In  the  presence  of  oxygen,  sunlight  has 
sufficient  energy  to  transform  many  hydrocarbons  into  intermediate  or  low  mole¬ 
cular  weight  compounds  or  free  radicals  which  themselves  will  react  to  produce 
more  oxygenated  products  (Jordan  and  Payne,  1980).  This  autocatalytic  degra¬ 
dation  process,  when  combined  with  biotransformation  of  the  petroleum,  can 
lead  to  an  effective  elimination  of  a  petroleum  contamination  problem. 

In  order  to  hasten  the  biological  and/or  photochemical  degradation  of  fuel  in 
the  surface  sediments,  it  is  recommended  the  Air  Force  twice  more  rototill  the 
ground  surface  within  and  surrounding  the  surface  depression  west  of  Building 
307  and  near  the  oil/water  separator  and  leach  pit  south  of  Building  342. 
This  rototilling  should  be  accomplished  in  late  spring  over  two  successive 
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years  to  allow  for  maximum  solar  radiation  and  soil  temperatures  Immediately 
following  the  tilling  and  aeration  of  the  soils. 

5.6  ALTERNATIVE  MEASURES  IN  AREA  F  (Sites  30  and  31)  AND  AREA  H 
(Sites  27  and  28) 

Groundwater  samples  obtained  from  monitoring  wells  Installed  north  of  Areas  F 
and  H  have  been  found  to  contain  trace  levels  of  fuel-related  hydrocarbons 
such  as  benzene,  toluene,  and  the  xylenes.  These  contaminants  have  not  been 
confirmed  In  additional  sampling  events.  Pesticides  and  the  base  neutral 
organics  are  absent,  and  the  heavy  metal  concentrations  are  low.  However, 
based  on  total  metal  concentrations,  current  drinking  water  criteria  are 
exceeded  for  arsenic,  chromium,  and  selenium. 

Option  1  -  Continued  Groundwater  Monitoring  Program 

In  the  absence  of  confirmed  contamination,  no  remedial  actions  are  anticipated 
for  either  Areas  F  or  H.  However,  a  long-term  monitoring  program  should  be 
Implemented  to  establish  these  wells  as  representative  of  upgradlent  ground- 
water  quality.  A  minimum  of  three  water  samples  should  be  collected  from  each 
well  and  tested  for  volatile  organics  and  soluble  heavy  metals.  It  Is  antici¬ 
pated  that  the  water  samples  will  test  negative  for  the  volatile  organics 
unless  fuel  contamination  has  Impacted  the  local  water  table  and  unless  any 
quantified  heavy  metals  will  be  at  concentrations  below  safe  drinking  water 
criteria.  Once  this  baseline  has  been  established,  the  wells  can  remain  unused 
except  for  the  occasional  (l.e.,  biannual)  flushing  and  testing  for  volatile 
organic  compounds  or  other  tests  as  recommended  by  the  Bloenvironmental 
Engineer. 

5.7  ALTERNATIVE  MEASURES  FOR  AREA  G  (Site  A4)  AND  AREA  I  (Sites  13  and  22) 

No  IRP  Phase  II  activities  have  been  undertaken  in  these  areas.  Both  areas 
were  second  priority  sites  as  recommended  In  the  Phase  I  records  search. 
Field  activites  in  nearby  study  areas,  however,  may  serve  to  monitor  environ¬ 
mental  conditions  downgradlent  from  these  areas.  More  specifically.  Area  G  is 
bounded  on  the  west  and  north,  both  geographically  and  in  terms  of  downgra¬ 
dlent  groundwater  movement,  by  IRP  study  Areas  A,  B,  and  C.  Monitoring  wells 
AZ02  and  the  nested  Wells  CZOl  through  CZ04  are  hydraulically  downgradlent  of 
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Area  G.  None  of  the  wells  have  any  serious  contamination  problems  as  measured 
elsewhere  but  do  contain  trace  level  hydrocarbon  contamination.  These  wells 
should  be  monitored  during  remedial  cleanup  activities  in  Areas  A  and  C.  If 
the  groundwater  quality  remains  the  same  or  worsens  following  cleanup  activi- 
tes,  Area  G  may  yet  be  a  potential  source  of  contaminants.  Based  upon  current 
data,  the  source  of  trichloroethylene  as  measured  in  the  nested  Wells  CAOl 
through  CA04  remains  unidentified.  Because  the  concentrations  are  very  low, 
and  because  possible  sources  are  the  Area  C  leach  pits  where  nearby  remedial 
action  should  take  place,  it  is  recommended  that  no  further  investigations  be 
made  in  Area  G  until  cleanup  of  the  Area  C  fuel  problem  has  been  completed. 

Area  I  fire  training  and  landfilling  actlvltj  is  appear  to  have  little  Impact 
on  groundwater  quality  as  measured  in  Wells  FZOl  and  possibly  as  measured  in 
Wells  EZOl  and  CZ03.  These  wells  are  hydraulically  the  closest  wells  to  the 
Area  I  disposal  sites.  Long-term  monitoring  in  the  wells  will  assist  in 
identifying  contamination  problems  originating  in  Area  I.  The  probability  of 
gross  contamination  is  small,  however,  because  of  the  small  quantities  of 
wastes  deposited  in  the  sites  and  because  of  the  extended  time  period  (approxi¬ 
mately  30  years)  since  these  sites  were  actively  used.  As  such,  it  is  recom¬ 
mended  that  no  further  Phase  II  field  investigations  be  performed  at  this  time 
in  Area  I.  Instead  groundwater  quality,  as  measured  in  downgradient  Wells 
CZ03,  EZOl,  and  FZOl,  should  be  examined  for  changes  in  water  quality  that  do 
not  appear  to  be  linked  to  known  activities  or  waste  disposal  sites  in  Areas  E 
and  F,  or  the  eastern  fringe  of  Area  C. 

5.8  SUMMARY  OF  POTENTIALLY  FEASIBLE  ALTERNATIVE  MEASURES 

A  review  of  all  field  measurements  and  analytical  results  was  made  to  deter¬ 
mine  what  actions  could  be  taken  to  reduce  or  eliminate  contaminant  release 
from  known  or  suspected  sources,  and  to  contain  or  remove  contaminants  from 
the  environment.  A  number  of  potentially  feasible  remedial  measures  with 
proven  technologies  and  applicability  have  been  identified  for  recovery  of 
standing  liquid  fuels  in  two  areas  of  the  base.  More  passive  remedial  actions 
have  been  identified  in  which  biotransformation  can  be  used  to  reduce  the 
affects  of  petroleum  residues  in  surface  soils  or  groundwater.  In  other 
areas,  however,  the  absence  of  data  replication  or  true  confirmation  of  con¬ 
taminant  types,  quantities,  and  sources  precludes  final  selection  of  remedial 
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actions  until  such  data  are  available.  Table  22  presents  a  summary  of  poten¬ 
tial  remedial  alternatives  identified  for  all  sites  surveyed,  and  identifies 
the  information  which  must  be  obtained  nrior  to  determining  the  types  of 
actions  to  follow. 
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5^  Base  Landfill/  a  Confined  groundwater  contaalnatlon  a  Unknown  potential  for  contawlnant  a  Electrical  resistivity  survey  between 

39!  Burning  Trench  near  the  Base  Housing  Gate  and  Golf  eourcea  near  IBP  Site  4  (see  Area  A)  the  Base  Housing  Gate  and  EPA  Hell  14 

6,  Base  Landfill  Course  Tee  No.  5  and  Site  26  north  of  Site  4 

7,  Base  Landfill  e  Contaslnant  types  and  concentrations  s  Unconflr«d  hydrogeology  between  s  Soli  gas  surveys  near  Site  26,  Site  4 

slsllar  to  those  In  Aaerlcan  Lake  Lincoln  Boulevard  and  HcChord  Drive;  and  the  Base  Housing  Gate  encospasslni 
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6.0  RECOMMENDATIONS 


The  recently  completed  Phase  II,  Stage  2  (Confirmation)  Investigation  has 
Identified  and  confirmed  groundwater  contamination  on  McChord  AFB.  This 
contamination  Is  principally  associated  with  aviation  or  ground  equipment 
fuels  and  Industrial  solvents  which  have  combined  to  cause  contamination  In 
select  areas  by  aromatic  and  chlorinated  hydrocarbons.  Fuels  and  other  wastes 
or  residues  may  also  be  the  cause  for  localized  low  level  contamination  by 
heavy  metals  or  chlorinated  pesticides.  Three  of  eight  study  areas  have  con¬ 
firmed  groundwater  contamination  and  should  undergo  contaminant  recovery  or 
treatment  of  soils  or  groundwater  under  separate  remedial  actions.  These 
three  areas  represent  the  greater  portion  of  the  Industrialized  and  aircraft 
maintenance  areas  of  the  base  and  include  the  one  site  nominated  by  the  U.S. 
EPA  for  Inclusion  on  Its  national  listing  of  priority  hazardous  waste  sites. 
A  fourth  study  area  with  confirmed  contamination  requires  additional  field 
Investigation  to  determine  the  areal  extent  of  contamination  on  the  base  and 
In  the  American  Lake  Garden  Tract,  and  Identify  the  apparent  source(s)  of 
contamination.  In  consideration  of  the  above,  additional  IRP  activities  are 
recommended.  Including  both  confirmatory  Investigations  and  remedial  actions 
for  waste  containment,  treatment,  or  disposal. 

6.1  SITE  SPECIFIC  RECOMMENDATIONS 

Three  of  the  eight  geographic  study  areas  previously  Investigated  should 
undergo  remediation  for  removal  or  treatment  of  groundwater  or  soil  contamina¬ 
tion.  Areas  A  and  C  need  to  have  floating  fuels  recovered  from  the  ground- 
water  table.  Additional  site  specific  nondestructive  electrical  resistivity 
monitoring  should  be  accomplished  at  each  site  to  establish  the  areal  extent 
of  contamination  and  to  better  locate  groundwater  extraction  or  fuel  recovery 
wells.  Area  E  soils  need  to  be  rototllled  at  least  two  more  times  to  acceler¬ 
ate  biotransformation  and  photooxldatlon  of  fuel-enriched  soils.  Groundwater 
contamination  In  Area  D  Is  similar  in  type  and  concentration  to  that  in  the 
American  Lake  Garden  Tract.  Continued  study  is  recommended  to  seek  the 
sourc3(s)  of  these  contaminants,  to  define  the  areal  extent  of  this  contamina¬ 
tion  both  on  base  property  and  In  the  American  Lake  Garden  Tract,  to  determine 
If  Fort  Lewis  activities  are  related  to  groundwater  contamination  problems  in 
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the  American  Lake  Garden  Tract,  and  to  evaluate  water  supply  alternatives 
available  to  the  Department  of  Defense  and  off-base  residents  of  the  American 
Lake  Garden  Tract  who  are  located  between  the  two  military  installations. 

Recommendations  for  follow-on  IRP  activities  including  site  specific  remedial 
responses  or  specific  investigations  are  summarized  in  Table  23.  In  some 
instances,  particularly  for  a  number  of  remote  sensing  activities,  the  proposed 
field  activities  are  dependent  upon  the  results  of  earlier  activities  performed 
in  sequence.  A  general  summary  of  the  overall  proposed  Phase  IV  activities 
and  continued  Phase  II  investigations  includes  the  following: 

•  Electrical  resistivity  stations  between  Areas  A  and  C  to  define 
areal  extent  of  floating  fuel  cap  and  contamination. 

•  Phase  IV  fuel  recovery  from  contaminated  groundwaters  in  Areas  A 
and  C. 

•  Electrical  resistivity  stations  in  Area  D  to  evaluate  past  landfill 
and  burn  kettle  disposal  sites  and  their  impact  on  groundwater 
quality. 

•  Seismic  refraction  surveys  in  Area  D  to  evaluate  local  hydrogeology. 

•  Soil  gas  surveys  across  landfills,  burial  sites,  or  burn  disposal 
sites  in  Area  D  to  determine  presence  of  volatile  halocarbons. 

•  Rototilllng  and  aeration  of  fuel-enriched  soils  in  Area  E  surface 
depressions  and  leach  pits. 

•  Development  and  implementation  of  a  long-term  monitoring  well  pre¬ 
ventive  maintenance  program,  and  groundwater  quality  monitoring  and 
analytical  schedule. 

6.2  LONG-TERM  MONITORING  PROGRAM 

The  Air  Force  should  adopt  a  long-term  monitoring  program  prior  to  and/or 
following  any  additional  Phase  II  confirmatory  investigations  or  IRP  Phase  IV 
remedial  actions.  The  purpose  of  this  program  is  to  measure  and  record  water 
quality  and  detect  temporal  changes  which  may  provide  advance  indications  of 
changes  in  rates  of  leachate  migration  or  other  chemical  characteristics. 
Table  24  presents  a  sampling  program  which  can  be  carried  out  by  base  personnel 
with  minimal  equipment  needs  and  an  estimated  15  days  per  year  of  staff  time 
to  prepare  the  wells  for  sampling,  collect  and  transfer  samples  to  a  labora¬ 
tory,  and  review  and  compile  the  results.  An  additional  five  to  ten  days  of 
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SUGGESTED  IRP  PHASE  II  AND  PHASE  IV  FIELD  &  ANALYTICAL  SCHEDUi^E 
McCHORD  AIR  FORCE  BASE.  WASHINGTON 
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monitoring  program 
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Table  24 


SUGGESTED  LONG-TERM  GROUNDWATER  MONITORING  PROGRAM 
McCHORD  AIR  FORCE  BASE,  WASHINGTON 


Veil  Classification 


Frequency 


Well  I.D. 


Parameters  In 
Each  Well  Tested 


CLASS  I  -  Wells  selected  on  the  basis  of 


Semi-Annual 


their  location  dovngradient  of  industrial 
activities  or  waste  disposal/spill  sites 


AZ01,AZ02,AZ06 
BZ01,BZ02,BZ03 
BA01,BA03 
CZOl.CZOS 
CA01,CA04 
DR02,DR05 
DZ03.DZ06 
EZOS.JZOl 
Golf  Course  Well 


CLASS  II  -  Wells  selected  on  the  basis  of 
their  location  upgradlent  of  base  proper 
or  industrial  areas,  and  current  water 
quality 


Annual 


BZ04 

DR04 

EZ02 

FZOl 

HZOI 


CLASS  III  -  Wells  to  be  tested  to  confirm 
presence  of  contaminatoln,  to  test  areal 


As  Needed 


extent  of  migration,  or  for  QA/QC  con¬ 
firmation 


AZ03,AZ04,BZ0S 

BA02,CZ03,CZ04 

CA0I,CA03,CR0I 

CR02,CR03,CR04 

DZ01,DZ02,DZ07 

DR01,DR03 

EZ01,EPA-12 

EPA-13 


As  Needed 


NOTE:  All  wells  should  be  flushed  once  every  12  months,  or  as  necessary  to  prevent  silt  accumulation  and 
solidification.  Whenever  wells  are  to  be  abandoned  they  should  be  sealed  and  closed  in  accordance  with  the 
State  of  Washington  requirements  for  destroying  wells. 


*May  be  reduced  to  one-half  frequency  once  a  baseline  is  established  after  five  or  more  sampling  events. 


Heavy  metals  analyses  may  be  discontinued  for  any  parameter  whose  mean  of  the  data  after  three  or  more 


sampling  events  is  less  than  70  percent  of  the  current  drinking  water  standards. 


V 


F 


pH,  specific  conductance, 
volatile  organics,  soluble 
heavy  metals*> 


/• 

y: 

■f: 


pH,  specific  conductance, 
total  organic  carbon, 
volatile  organics,  soluble 
heavy  metals^ 


>- 

B 


SWC  ! 


staff  time  per  year  should  also  be  made  available  to  inspect  and  perform 
monitoring  well  maintenance. 

The  chemical  analyses  can  be  performed  locally  or  the  samples  can  be  packaged 
and  shipped  to  USAF  laboratories.  Field  blanks  and  sample  replicates  should 
be  included  in  each  shipment.  Chain-of-custody  should  be  established  for  all 
sample  transfers.  Once  the  data  are  returned,  it  is  recommended  they  be 
recorded  on  dedicated  tally  sheets  for  each  well.  The  data  should  also  be 
plotted  on  graphs  for  visual  detection  of  trends,  and  that  running  averages  be 
investigated  as  well  as  Interpretations  on  the  total  universe  of  data.  Ground- 
water  chemical  characterizations  can  be  compared  against  current  and  proposed 
drinking  water  standards  as  a  first  test  for  the  presence  of  chemical  contami¬ 
nation  (refer  to  Table  10). 

The  wells  should  be  resampled  and  the  analyses  replicated  whenever  it  appears 
that  an  increased  release  of  contaminants  may  have  occurred.  If  the  repli¬ 
cated  sets  confirm  the  previous  findings,  follow-on  investigations  should 
begin  to  determine  the  sourceCs)  of  chemical  contamination.  Simultaneously, 
nearby  base  water  supply  wells  (domestic  or  irrigation)  should  be  tested  for 
the  same  suite  of  parameters. 
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was  the  former  name  of  the  environmental  division  of  Science 
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to  JRB  Associates  should  be  considered  as  references  to 
Science  Applications  International  Corporation . 
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AFB  -  Air  Force  Base 

AFESC-  Air  Force  Engineering  and  Services  Center 

ALGT  -  American  Lake  Garden  Tract;  a  nonmilitary,  residential  subdivision 
located  between  McChord  AFB  and  Fort  Lewis  Military  Reservation. 

Alluvial  -  Deposited  by  a  stream  or  running  water. 

Alluvium  -  A  general  term  for  clay,  silt,  sand,  gravel  or  similar  unconsoli¬ 
dated  detrital  material  deposited  during  comparatively  recent  geologic 
time  by  a  stream  or  other  body  of  running  water. 

Annulus  -  The  space  between  the  casing  in  a  well  and  the  wall  of  the  hole,  or 
between  the  drill  string  and  the  wall  of  the  hole. 

Anthropic  -  Of  or  relating  to  mankind  or  the  period  of  man's  existence  in  the 
area. 

Aquifer  -  A  formation  that  contains  sufficient  saturated  permeable  material  to 
yield  significant  quantities  of  water  to  wells  and  springs. 

AVGAS  -  A  leaded  high  octane  aviation  fuel  used  by  turbo-jet  aircraft. 

Bentonite  -  A  commercial  term  applied  to  any  of  numerous  clay  deposits  contain¬ 
ing  montmorillonite  as  the  essential  mineral  and  used  chiefly  to  thicken 
drilling  muds  or  form  a  grout  based  on  its  ability  to  swell  in  water. 

BMP  -  best  management  practice 

BNRR  -  Burlington  Northern  Railroad 

CE  -  Civil  Engineering 

Cenozoic  -  An  era  of  geologic  time,  from  the  beginning  of  the  tertiary  period 
(65  million  years  before  the  present)  to  the  present. 

Contamination  -  The  degradation  of  soil  chemistry  or  natural  water  quality  to 
the  extent  that  its  usefullness  is  impaired.  There  is  no  implication  of 
any  specific  limits  to  water  quality  since  the  degree  of  permissible  con¬ 
tamination  depends  upon  the  intended  end  use  or  uses  of  the  water. 

DDT  -  dichlorodiphenyltrlchloroethane  (a  pesticide) 

DEQPPM  81-5  -  Defense  Environmental  Quality  Program  Policy  Memorandum  81-5 

Disposal  Facility  -  A  facility  or  part  of  a  facility  at  which  hazardous  waste 
is  Intentionally  placed  into  or  on  land  or  water,  and  at  a  location  at 
which  the  waste  will  remain  after  closure. 
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Disposal  of  Hazardous  Waste  -  The  discharge,  deposit,  injection,  dumping,  spil¬ 
ling  or  placing  of  any  hazardous  waste  into  or  on  land  or  water  so  that 
such  waste  or  any  constituent  thereof  may  enter  the  environment  or  be 
emitted  into  the  air  or  discharged  into  any  waters,  including  groundwater. 

DoD  -  (United  States)  Department  of  Defense 

Downwarp  -  Subsidence  of  a  regional  area  of  the  earth's  crust. 

DPDO  -  Defense  Property  Disposal  Office;  previously  included  Redistribution 
and  Marketing  (R&M)  and  Salvage. 

Drilling  Mud  -  A  heavy  suspension  usually  in  water  used  in  well  drilling.  It 
commonly  consists  of  bentonitic  clays  and  barite  and  is  pumped  continu¬ 
ously  down  the  drill  pipe  forcing  it  back  up  the  annulus  for  lubrication 
and  blowout  or  cave-in  prevention. 

Drumlin  -  A  low,  smoothly  rounded,  elongated  oval  hill,  mound,  or  ridge  of 
compact  glacial  till  or,  less  commonly,  other  kinds  of  glacially  depos¬ 
ited  sediments,  built  under  the  margin  of  the  ice  and  shaped  by  its  flow; 
its  longer  axis  is  parallel  to  the  direction  of  movement  of  the  ice. 

Drill  String  -  A  term  used  in  well  drilling  for  the  assemblage  in  a  borehole 
of  stem,  pipe,  collars  and  bits,  respectively. 

Dump  -  An  uncovered  land  disposal  site  where  solid  and/or  liquid  wastes  are 
deposited  with  little  or  no  regard  for  pollution  control  or  aesthetics. 
Dumps  are  susceptible  to  open  burning  and  are  exposed  to  the  elements, 
disease  vectors  and  scavengers. 

Effluent  -  A  liquid  waste  discharged  in  its  natural  state  from  a  manufacturing 
or  treatment  process.  Such  waste  shall  be  partially  or  completely 
treated. 

EPA  -  (United  States)  Environmental  Protection  Agency,  or  one  of  10  regional 
offices 

Esker  -  A  long,  narrow  sinuous  steep-sided  ridge  composed  of  irregularly 
stratified  sand  and  gravel  that  was  deposited  by  a  subglacial  stream 
flowing  between  ice  walls  or  in  an  ice  tunnel  of  a  stagnant  or  retreating 
glacier,  and  was  left  behind  when  the  ice  melted. 

Erosion  -  The  wearing  away  of  land  surface  by  water  or  chemical,  wind  or  other 
physical  processes. 

Exfiltration  -  A  filtering  out;  a  gradual  escape  through  a  wall  or  a  membrane; 
a  leak.  The  opposite  of  infiltration. 

Facility  -  Any  land  and  appurtenances  thereon  which  are  used  for  the  treat¬ 
ment,  storage  and/or  disposal  of  hazardous  wastes. 

FIS  -  Fighter  Interceptor  Squadron 
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Flow  Path  -  The  direction  or  movement  of  groundwater  as  governed  principally 
by  the  hydraulic  gradient. 

Fluvial  -  Of  or  pertaining  to  a  stream  or  river;  produced  or  deposited  by  a 
stream  or  river. 

Formation  -  A  persistent  body  of  igneous,  sedimentary,  or  netamorohic  rock 
having  easily  recognizable  boundaries  that  can  be  identified  in  the  field. 

FSl  -  Foundation  Sciences,  Inc. 

GC/MS  -  gas  chromatograph/mass  spectrometer 

gpd  -  gallons  per  day 

gpm  -  gallons  per  minute 

Gradient  -  The  degree  of  inclination  or  the  rate  of  ascent  or  descent  of  a 
feature  such  as  a  stream  channel  or  land  surface  structure. 

Groundwater  -  Water  beneath  the  land  surface  in  the  saturated  zone  that  is 
under  atmospheric  or  artesian  pressure. 

HARM  -  Hazard  Assessment  Rating  Methodology 

Hazardous  Waste  -  A  solid  waste  or  combination  of  solid  wastes,  which  because 
of  its  quantity,  concentration,  or  physical,  chemical  or  infectious  char¬ 
acteristics  may  cause  or  significantly  contribute  to  an  increase  in  mor¬ 
tality  or  an  increase  in  serious,  Irreversible,  or  incapacitating  rever¬ 
sible  Illness;  or  pose  a  substantial  present  or  potential  hazard  to  human 
health  or  the  environment  when  improperly  treated,  stored,  transported, 
or  disposed  of,  or  otherwise  managed. 

Hydrology  -  The  science  that  deals  with  the  occurrence,  circulation,  distri¬ 
bution,  and  properties  of  water  of  the  earth  and  the  earth's  atmosphere. 

I . D.  -  inside  diameter 

I/I  -  inflow/infiltration 

Indurated  -  Describes  a  rock  or  soil  hardened  or  consolidated  by  pressure, 
heat,  or  cementation. 

IR  (scan)  -  Infrared  scan;  an  analytical  procedure  used  to  quantify  total  oil 
and  grease. 

IRP  -  Installation  Restoration  Program 

JP-4  -  high  octane  aviation  fuel 

JRB  -  JRB  Associates;  the  name  of  the  environmental  group  within  Science 
Applications  International  Corporation  prior  to  February  1985  and  the 
name  of  the  company  at  the  time  the  USAF/OEHL  contract  was  awarded. 


Lacustrine  -  Pertaining  to,  produced  by,  or  formed  in  a  lake  or  lakes. 
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Leachate  -  A  solution  resulting  from  the  separation  or  dissolving  of  soluble 
or  particulate  constituents  from  solid  waste  or  other  man-placed  medium 
by  percolation  of  water. 

Leaching  -  The  process  by  which  soluble  materials  in  the  soil,  such  as  nutri¬ 
ents,  pesticide  chemicals  or  contaminants,  are  washed  into  a  lower  layer 
of  soil  or  are  dissolved  and  carried  away  by  water. 

Low-Point  Drain  -  A  component  of  a  fuel  system  which  is  used  to  drain  conden¬ 
sate  and  particulate  accumulations  at  a  low  point  in  the  system. 

MAC  -  Military  Airlift  Command 

MAW  -  Military  Airlift  Wing 

MCL  -  maximum  contaminant  limit 

mg /kg  -  milligrams  per  kilogram;  a  mass  to  mass  ratio  in  parts  per  million 
(ppm) 

mg/1  -  milligrams  per  liter;  a  mass  to  liquid  ratio  in  parts  per  million  (ppm) 

^  -  mi lliliters 

ug/1  -  micrograms  per  liter;  a  mass  to  liquid  ratio  in  parts  per  billion  (ppb) 

MGD  -  million  gallons  per  day 

Monitoring  Well  -  A  well  used  to  measure  groundwater  levels  and  to  obtain 
samples. 

MSL  -  mean  sea  level 

ng/1  -  nanograms  per  liter;  a  mass  to  liquid  ratio  in  parts  per  trillion  (ppt) 

NPDES  -  National  Pollutant  Discharge  Elimination  System 

OEHL  -  Occupational  and  Environmental  Health  Laboratory  (USAF)  at  Brooks  AFB, 
Texas 

OVA  -  organic  vapor  analyzer 

Organic  -  Being,  containing,  or  relating  to  carbon  compounds,  especially  in 
which  hydrogen  is  attached  to  carbon. 

PCB  -  polychlorinated  biphenyl;  a  group  of  chlorinated  phenolic  compounds  both 
highly  toxic  and  persistent 

PCP  -  pentachlorophenol 

Permeability  -  The  property  or  capacity  of  a  porous  rock,  sediment,  or  soil 
for  transmitting  a  fluid. 
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Pleistocene  -  The  latest  period  of  time  in  the  stratigraphic  column.  An  epoch 
of  the  Quaternary  period  which  began  two  to  three  million  years  ago. 


POL  -  petroleum,  oils  and  lubricants 

Pollutant  -  Any  gas,  liquid  or  solid  introduced  into  the  environment  that 
alters  and  contaminates  it  and  makes  it  unfit  for  a  particular  use. 


Porosity  -  The  measure  of  the  bulk  volume  of  a  rock  or  soil  that  is  occupied 
by  void  spaces,  whether  isolated  or  connected. 

PVC  -  polyvinyl  chloride  (a  plastic) 

Quarternary  Deposits  -  A  system  of  rocks  and  strata  deposited  during  the 
second  period  of  the  Cenozolc  era.  It  began  three  million  years  ago  and 
extends  to  the  present. 

RCRA  -  Resource  Conservation  and  Recovery  Act  of  1976 

RMCL  -  Recommended  Maximum  Contaminant  Level 


Recharge  -  The  addition  of  water  to  the  groundwater  system  by  natural  or  arti¬ 
ficial  processes. 

Sludge  -  Any  inorganic  or  organic  solids  residues  from  a  waste  treatment 
plant,  water  supply  treatment,  or  air  pollution  control  facility;  or 
other  discarded  material,  including  solid,  liquid,  semi-solid  or  solids 
which  contain  gaseous  material  resulting  from  industrial,  commercial, 
mining  or  agricultural  operations  and  community  activities.  Sludge  does 
not  Include  solid  or  dissolved  materials  in  domestic  sewage;  solid  or  dis¬ 
solved  materials  in  irrigation  return  flows;  Industrial  discharges  which 
are  point  source  subject  to  permits  under  Section  402  of  the  Federal 
Water  Pollution  Control  Act,  as  amended  (86  USC  880);  or  source,  special 
nuclear,  or  by-product  material  as  defined  by  the  Atomic  Energy  Act  of 
1954  (68  USC  923). 


Spill  -  Any  unplanned  release  or  discharge  of  a  hazardous  waste  onto  or  into 
the  air,  land  or  water. 

Split-Spoon  Sampler  -  A  sampling  device  used  in  borehole  drilling  that  is  fas¬ 
tened  to  the  lower  end  of  the  drill  stem  to  extract  an  undisturbed  soil/ 
rock  sample.  The  sampler  has  a  longitudinal  seam  which  opens  for  sample 
retrieval . 


Static  Water  Level  -  The  undisturbed  water  level  measured  In  a  well  which 
represents  the  potentlometric  surface  for  an  aquifer.  It  Is  generally 
expressed  as  feet  below  (or  above)  an  arbitrary  measuring  datum  near  land 
surface. 


Strata  -  (plural  of  stratum)  units  or  layers  of  sedimentary  rock 
Stratigraphic  -  pertaining  to  the  science  of  rock  strata 
Subterranean  -  formed  or  occurring  beneath  the  earth's  surface 
SWL  -  static  water  level 
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TAG  -  Tactical  Air  Command 


TCE  -  trichloroethylene 

TPS  -  total  dissolved  solids 

Thermistor  -  A  temperature-sensing  element  composed  of  sintered  semiconductor 
material  which  exhibits  a  large  change  In  resistance  proportional  to  a 
small  change  In  temperature. 

TOC  -  total  organic  carbon 

Toxic  -  The  ability  of  a  material  to  produce  Injury  or  disease  upon  exposure, 
Ingestion,  Inhalation,  or  assimilation  by  a  living  organism. 

TPCHD  -  Tacoma-Pierce  County  Health  Department. 

Treatment  of  Hazardous  Waste  -  Any  method,  technique,  or  process  in  including 
neutralization  designed  to  change  the  physical,  chemical,  or  biological 
character  or  composition  of  any  hazardous  waste  so  as  to  neutralize  the 
waste  or  so  as  to  render  the  waste  nonhazardous. 

ULID  -  Utility  Local  Improvement  District 

Unconf Ined  -  When  used  with  groundwater,  it  Is  that  groundwater  that  has  a 
free  water  table;  l.e.,  water  not  confined  under  pressure  beneath  rela¬ 
tively  impermeable  rocks. 

Upgradlent  -  In  the  direction  of  increasing  hydraulic  static  head;  the  direc¬ 
tion  opposite  to  the  prevailing  flow  of  gro’undwater. 

USAF  -  United  States  Air  Force 

uses  -  United  States  Geological  Survey 

Vadose  -  The  zone  of  unsaturated  soils  between  the  ground  surface  and  the 
water  table. 

Venturi  Effect  -  The  process  by  which  a  fluid  flows  through  the  shortened 
small-diameter  center  section  of  a  specially  machined  tube  at  a  higher 
velocity  than  through  the  end  section  thus  creating  a  pressure  differ¬ 
ential. 

Water  Table  -  The  surface  between  the  zone  of  saturation  and  the  zone  of  aera¬ 
tion;  that  surface  of  a  body  of  unconfined  groundwater  at  which  the  pres¬ 
sure  is  equal  to  that  of  the  atmosphere. 

WDOE  -  Washington  Department  of  Ecology 

Well  Casing  -  Metal  or  plastic  pipe  lowered  into  a  borehole  during  or  after 
drilling  and  grouted  In  place. 

Well  Screen  -  Metal  or  plastic  well  casing  that  is  perforated  to  allow  the  pas¬ 
sage  of  groundwater  usually  for  the  purposes  of  water  production  or  for 
monitoring  groundwater  quality. 
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1.  DaaoriptiOD  of  Vork 

Tb*  purpoM  of  this  took  io  to  dtUnioe  tb*  ■acniiudt  tod  ozttot  of 
ooTlreoienttl  ooDltalnttion  tl  HoCbord  AFB,  VtoblD|too.  Ibt  laUrtl  tod 
forUotl  ozttot  of  ooott^lnaUOD  vUl  be  ioTtotigaUd.  rield  iorettlittioot 
•ocoiplltbtd  uodtr  tbit  took  ore  dttlfntd  to  prorlde  tbe  data  oteeaaary  to 
detanilot  tbe  ■Ifnifioaoee  of  OSAF  aetlvitiea  ood  tbeir  poteotlal  lapaeta  oo 
grouodvaUr  reoouroea  in  tbe  eicloity  of  the  bote;  to  quaotify  opetial  dlatrl- 
butioD  tod  0080  oalaaloo  of.  ooll  tod  frouodvater  pollutaota  detected  io  earli¬ 
er  iotestigatiooa;  to  deteraloe  if  hazardous  ebnioals  or  ftpora  arc  aifratiog 
ood  eauaiog  exposure  of  base  persoooel  to  ooooeotratioos  of  obealoals  vbieb 
arc  hazardous  to  tbeir  bealtb;  to  ideotify  actioos  oecessary  to  ooaply  vltb 
ezlstlDg  regulatioos  of  tbe  O.S.  EoTironacotal  Protectioo  Ageoey  (D.S.  EPA) 
aod  state  aod  local  ageocies  sod  to  ideotify  future  aonitoriog  efforta 
required  to  doeuaeot  oooditioos  aod  future  discharges  at  sites  aod  locatioos 
00  McCbord  AFB. 

Aableot  air  aonitoriog  of  hazardous  aod/or  toxic  aaterial  aod  Air  Force 
personnel  shall  be  acooapllahed  vbeo  necessary,  especially  during  tbe  drilling 
operation. 

The  presuTTcy  report  (Task  Order  2k)  and  Phase  IIB  report  (Task  28) 
iooorporated  site  background  Inforaatioo  and  descriptions  for  locations  being 
ioTcatigated.  Ibe  reoonnaissaooe  field  iOTestigation  provided  to  OTcrriev  of 
geology,  geobydrologic  oooditioos,  aod  identified  aore  than  20  locations  ubere 
organic  aod  inorganic  oootaaioaots  vere  found.  To  acooapliab  this  iovestig- 
atiOD,  tbe  ooDtractor  aball  take  the  followiog  actions: 

A.  General 

1.  lew  aonitoriog  veils  installed  under  this  contract  aball  be 
aaapled  as  follows: 

a.  tkiriog  installation  of  each  veil,  representative  aaeples  of 
the  geological  strata  encountered  shall  be  oollected  at  depths  of  approzi- 
aatcly  20,  AO,  aod  60  feet  below  ground  surface.  In  veils  reaching  sore  than 
60  feet  below  ground  surfsoe,  soil  saaples  aball  be  oollected  every  20  feet. 

b.  Groundwater  shall  be  aaapled  at  a  ainiaua  of  four  locations 
over  the  entire  depth  of  the  water  ooliaiD.  These  aaaples  aball  be  ooaposited 
into  a  single  aaaple  representative  of  water  quality  present  in  tbe  entire 
water  colian. 

2.  One  grab  aaaple  froa  aonitoriog  wells  developed  during  tbe  effort 
expended  uoder  Tbak  28.  Contract  A0C2  shall  be  oollected  frca  one  to  five 
discrete  locations  within  tbe  water  ooltan  in  each  well.  Depths  and  locations 


tor  MipllQi  sball  bt  Mlteltd  bj  tb«  ooDtracter  Id  iba  fiald.  Saapla  oollact- 
ioaa,  tbair  looaliona  tad  any  olbar  ptrilDaot  parMeUra  aball  bt  raoordad  on 
a  riald  lo|  abaft  to  bt  laoorporaUd  vlUi  tba  raw  data. 

3.  Tba  contractor  aball  Btaaura,  in  tba  riald,  tba  pH,  oonduotlvUj 
and  taaparatura  of  aaeb  diaortU  and  ooapoalta  vail  aaapla  oellactad.  VaUr 
aaaplaa  aball  be  ablpptd  to  tba  eontraetor  laboratory  for  furtbar  aoalyala. 

All  toll  aaaplaa  eollactad  durlnf  tbaaa  lnvaatl|atiooa  aball  bt  frozen  and 
aroblTtd  by  tba  oontraclor  for  a  parlod  of  one  y«ar. 

I.  Saaplinc,  BazlB\a  boldint  praaarration  of  aaaplaa  aball 

atrietly  ooaply  vltb  the  following  rafaranoaa:  Standard  Matboda  for  tba 
Examination  of  Water  and  Wastewater,  I5tb  Id.  (1980),  pp.  35-t2;  ASTM,  part 
31  f  PP*  72«S2,  (1976),  Matbod  D-3370;  and  Methods  for  Qiemical  Analysis  of 
Waters  and  Wastes,  tPA  Manual/600/ 1-79*020,  pp.  zlii  to  dz  (1979).  folatlla 
Organic  Inalyaaa  aball  ba  accoopliabad  according  to  IPi  Matboda  601  and  602 
and  bast  neutral  ooopounda  aball  bt  dettnlnad  uaiog  EPi  Metbod  625  (aaaa 
apactrcaelrlc  oonflroatlon  abould  only  ba  uaad  on  aaaplaa  that  oootaln  an 
iDordlnata  nuabar  of  Intarfarancta).  Ptatlcldaa  aball  be  dataralntd  ualng  tbe 
Standard  Methods  Itfaranct.  Datactloo  llalta  required  for  analytical  taating 
arc  apeciflad  In  Attacbaent  1. 

5.  All  otv  veils  shall  be  developed,  vater  larels  aeasured  and 
locations  surveyed  and  recorded  on  a  project  asp  and  apeclflc  tone  asp. 
Groundwater  aonitoring  veils  aball  as  a  ainlaua  ooaply  vltb  EPi  guldelloea  or 
State  of  Vasblngtoo  requirtaents  for  aonitoring  vail  installation  whichever 
are  acre  stringent.  Only  sertfw  type  Joints  will  be  used,  lo  glue  fittings 
are  peraitted.  Location  of-  all  new  wells  shall  ba  deteralntd  In  the  field, 

6.  Field  data  oollected  for  each  tone  aball  be  plotted  and  sapped. 

Ibe  nature,  aagnltude  and  potential  for  oontaainant  flow  within  each  zone  to 
receiving  streaas  and  groundwaters  shall  be  astiaated.  Dpon  wapletion  of  tbe 
saapling  and  analysis,  tbe  data  shall  be  tabulated  lo  tbe  next  lAD  SUtus  Re¬ 
port  as  specified  In  Itaa  T1  below. 

7.  Priority  aetal  analyses,  unless  otherwise  specified,  shall  include 
analysis  for  arsenic,  cadalua,  cbrociua,  copper,  lead,  aercury,  nickel,  sele- 
Biva  and  zinc. 
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8.  Pesticide  analysis,  unless  otherwise  specified,  aball  include 
analysis  only  for  aldrln,  dieldrln,  chlordane,  A.A’DDT,  A, A 'DDE,  A,A'DDD, 
endrin,  endrin  aldehyde  and  beptachlor. 

B.  In  addition  to  tbe  iteas  delineated  lo  A  above,  oooduct  tbe  following 
specific  actions  at  sites  identified  at  McCbord  APB: 


1.  Groundwater  Monitoring  Efforts 

a.  Measure  groundwater  levels  on  McCbord  APE  at  each  accessible 
groundwater  aonitoring  well,  existing  potable  water  or  irrigation  well  and  at  v 
newly  installed  aonitoring  wells.  Neasur«ents  aball  be  taken  each  week  for  a  » 
period  of  26  weeks  at  up  to  55  locstions  for  a  aaxlaw  of  1,250  water  level  ^ 

■easuraents. 
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b.  Tbe  ooDtracter  •hall  aeaiura  aod  raoord  tba  pB,  oooduotitltTt 
and  iaaparatura  of  tba  grouAdwaUr  vithln  aaob  wall  at  flvi  foot  lotarrals  on 
a  aontbli  baala.  ObaarTatloas  aball  ba  Bade  and  ootaa  racordad  oo  usuaual 
odora,  waUr  oolor,  or  otbar  indloatora  of  ooDtaaloatioo.  Two  bundrad  and 
riftj  profllaa  aball  ba  acooapliabad. 

c.  Pracipi tailor,  raoorda  for  the  period  of  acoltorlnc  ^ 
obtained  from  the  McChord  APB  waatbar  obaarrar  and  recorded  to  oonplaDant  tba 
data  base. 

d.  Saaaonal  obangea  in  looal  or  regional  groundvatar  aoTaeaDt 
diractlona  and  aalocitlea  aball  ba  datarainad.  Tba  contractor  aball  prepare 
an  IntarpraUtiTC  report  with  apatlal  and  iaaporal  groundwaUr  elevation  oon- 
toura  and  like  outputa.  Tnia  report  aball  auBaariaa  tba  ooncluaiona  of  tba 
io*aitu  aonitoring  activitj  and  aball  ba  included  aa  pert  of  tbe  Phase  12  ZXP 
report  for  McChord  APB. 

2.  Veil  Installation  Saapling  and  Analpais 
a.  Area  A 

(1)  Tbe  contractor  aball  install  two  groundwater  Booltoring 
wells  approzlBatelj  60  feat  deep  north  of  tba  JP-A  aviation  fuel  storage 
tanks.  Vella  installed  shall  not  pass  through  tbe  confining  clay  layer  under¬ 
lying  th«  glacial  till.  Tbe  well  locations  aball  be  aelactad  to  obtain  tbe 
eazlauiE  aaount  of  data  oontaaination  and  contaeinant  transport  within  Area  A. 

(2)  One  groundwater  saaple  shall  be  ooaposited  free  each 
aonitoring  well  installed  per  B.2.a.(1)  above.  Collect  a  total  of  eight 
discrete  depth  groundwater  saaples  at  selected  depths  free  tbe  aonitoring 
wells  located  in  Araa  A. 

(3)  Analyze  tbe  two  groundwater  aaaples  froa  newly  developed 
wells  for  77  0.  S.  EPA  Priority  Organic  Pollutants  (TOC  A  BNE)  using  gas 
chresatography  (GC)  tecbnology  and  for  $  priority  heavy  aetals  using  atoaic 
adsorption  techniques.  Chlorinated  pesticide  analysis  stall  also  be  perforaed 
00  these  two  saaples. 

(A)  Analyze  tbe  eight  groundwater  aaaples  oollected  froa  IBP 
wells  as  follows;  four  saaples  shall  be  analyzed  for  Tolatile  Organic  Coo- 
pounds  (TOC)  only  and  two  saaples  shall  be  analyzed  for  Tolatile  Organic 
Coapounds  (TOC),  base  neutral  ooapounds  (BK)  and  pesticides.  Two  saoples 
shall  be  analyzed  for  Tolatile  Organic  Coapounds  (TOC),  and  base  neutral  ooo- 
pounds  (BK). 


b.  Areas  B,  E  and  P 

(1)  The  oontractor  shall  collect  discrete  depth  groundwater 
saoples  at  selected  depths  froa  shallow  aonitoring  wells  in  these  areas  and 
froa  screened  zones  in  tbe  cluster  wells  located  in  Area  B.  A  total  of  21 
discrete  deptb  saaples  shall  be  oollected. 

(2)  Analyze  tbe  21  groundwater  saaples  oollected  in  2.b.(1) 
above  as  follows:  Area  B  -  TWo  aaaples  shall  be  analyzed  for  volatile  organic 
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oocpouDdi  (VOC)  onij;  fpur  •h*ll  bt  iialjKtd  for  Um  Mutrid  (BN)  tod 

Tolitll*  ort«Qle  oocpouiida  (?0C);  tnd  two  MBples  tball  be  anAljted  for  eoli- 
tlle  orfiolc  oonpoueda  (fOC)i  baae  ooutral  ooapouoda  (BN),  aod  pea'.loldea. 

Atm  E  >  four  auplea  aball  be  analjted  for  Tolatllt  orfaolc  ooapouada  (VOC) 
011I7;  aod  all  aaaplea  ahall  be  analyeed  for  folatila  organic  ooapouada  (VOC) 
baae  neutral  ooapouada  (BN)  and  peaticldea.  Araa  T  -  Three  aaaples  aball  be 
analyzed  for  volatile  organic  ooapouada  (VOC),  baae  neutral  ooepounds  (BN)  aod 
peaticldea. 


c.  Iraa  C 

H)  Tbe  contractor  shall  Inatall  one  groundwater  aonltorlng 
well  approzlaately  100  feet  deep  at  a  location  to  tbe  north  of  ZBP  Veil  CZ01. 
Tbe  well  location  aball  be  aelected  to  obtain  tbe  aazlaua  aaount  of  data  on 
oontaalnaot  tranapert  within  Area  C. 

(2)  Collect  one  ooapoaite  groundwater  aaaple  froa  the  well 

Inatalled. 

(3)  Tbe  oontr^c'.  >r  aball  analyze  tbe  oooposlte  aample  froo 
the  newly  installed  well  for  77  Priority  Organic  Pollutants  (VOC  A  BNE) 
utilizing  CC  tecboclogy.  Analyaia  for  nine  heavy  oetala  shall  also  be 
perforoed  on  these  saaplea.  Chlorinated  pesticide  analysis  shall  also  be 
performed  on  this  sample. 

_  (A)  Collect  a  total  of  ten  discrete  depth  groundwater  samples 

fiOB.  the  aonitoring  wells  locaUd  in  Araa  C. 

(5)  The  contractor  shall  analyze  tbe  ten  discrete  samples 
oollected  from  IRP  wells  as  follows:  Pour  samples  shall  be  analyzed  for 
volatile  organic  ooapounds  (VOC)  only,  five  aaaples  shall  be  analyzed  for 
volatile  organic  ooapounds  (VOC),  base  neutral  ooapounds  (BN)  and  pesticides. 
One  aample  ahall  be  analyzed  for  volatile  organic  ooapounds  (VOC)  aod  base 
neutral  ooapounds  (BN). 

(6)  Install  four  monitoring  wells  in  tbe  vicinity  of  Ramp  C. 
Two  wells  ahall  be  located  between  Veil  CZ05  and  Baap  C,  one  well  ahall  be 
located  north  of  Ramp  C,  and  one  well  located  west  of  Baap  C.  Each  well  ahall 
be  approilaately  50  feet  deep  (nazLaua  total  footage  of  200  linear  feet),  and 
shall  be  oonstructed  of  A  1/2*inch  H)  slotted  PVC  pipe. 

(7)  Evaluate  tbe  capacity  of  the  existing  base  storm  water 
oollectioD  systea  and  existing  oil/water  separators  in  tbe  Ramp  C  area. 
Estlaate  the  underflow  water  quality  as  ooaparad  to  tbe  discharge  limits 
established  by  the  State  of  Vashlngton;  identify  and  evaluate  alternative 
programs  for  oil  recovery  well  placement,  allowable  rates  of  oil/water 
withdrawal  from  the  recovery  wells,  treataent  and  disposal  alternatives, 
source  identification  and  containment,  and  post>claanup  aonitoring 
requirements. 
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d.  Atm  D 

(1)  Tbt  ooDtractor  ahall  inaltll  tbrac  froufidvtUr  ■onltorlnf 
vella  tpprozliMUly  100  fttl  daap  io  tbc  fieioity  of  Atm  D.  Tbt  axaet  lou- 
tioDi  of  tbtM  vtHi  tbtll  bt  Mlactad  by  tbt  oootractor  and  approTad  by  the 
OSAP  OEHL. 


(2)  Collect  ooBpoaite  grouB^viter  aaoplta  frott  eaeb  new 
Bonitorinc  veil  lo  Area  D.  Collect  a  total  of  20  diacrete  depth  frouadvater 
aaaples  froB  the  aonltoring  veils  located  vltbin  Area  D. 

(3)  Tbc  ooDtractor  sball  analyte  aaaplea  froa  tbe  oevly  in¬ 
stalled  veils  for  77  Priority  Orcanic  asteriala  (TOC  A  BNE)  utilitiog  OC 
teeboology.  Analysis  sball  also  be  psrforsed  for  nine  priority  bsavy  aeUls 
using  atoaic  adsorption  techniques.  Chlorinated  pesUeide  analysis  sball  also 
be  conducted  on  the  three  oospositc  vster  aaaples.  Discrete  deptb  sasples 
collected  froa  sonitoring  veils  sball  be  analyzed  as  follovs:  eight  sasples 
sball  be  analyzed  for  Tolatile  organic  oospounds  (TOC)  only;  tbrse  sasples 
sball  be  analyzed  for  eolatile  organic  oospounds  (TOC),  base  neutral  oospounds 
(BN)  and  pesticides;  and  three  sasples  sball  be  analyzed  for  eolatile  organic 
oospounds  (TOC)  and  base  neutral  oospounds  (BN). 

(A)  Tbe  contractor  sball  separate  aiz  discrete  deptb  sasples 
collected  frcB  tbe  four  veils  in  Area  D  for  quantitatife  detersination  of 
dlssolTcd  beary  seUls  and  particulate  heavy  setals.  Hetal  analysis  for 
arsenic,  chrosius,  lead,  nickel  and  selenius  sball  be  perforsed  on  tvo  of  tbe 
aiz  sasples.  Pour  of  tbe  siz  sasples  sball  be  analyzed  for  nine  heavy  setals. 
In  addition,  four  of  tbe  discrete  deptb  sasples  sball  also'be  analyzed  for 
phenol  and  cyanide. 

(5)  Install  5  Bonitoring  veils  approzisately  60  feet  deep 
(saxisin  total  footage  of  300  .  ioear  feet)  in  tbe  folloving  locations:  one 
veil  to  the  east  and  hydraulically  upgradient  fros  tbe  landfill  sites;  three 
veils  along  tbe  vestern  edge  of  the  landfills,  located  in  tbe  vater-bearlng 
gravel  seas.  Veils  sball  be  constructed  of  A  1/2-incb  ZD  slotted  PTC  pipe. 

c.  Area  J 

(1)  Tbe  contractor  shall  Install  one  groundvater  sonitoring 
veil  approzisately  100  feet  deep  at  a  location  near  Building  580  located  in 
area  J. 


(2)  Collect  one  oosposite  groundvater  aasple  fron  tbe  installed 

veil. 

(3)  Analyze  tbe  oosposite  sasple  collected  for  77  Priority 
Organic  Pollutants  (TOC  A  BNE)  utilizing  GC  technology.  Analysis  of  this 
sasple  shall  also  be  accosplisbed  utilizing  atoslc  adsorption  techniques  for 
nine  beary  Betals.  Chlorinated  pesticide  analyses  sball  also  be  accosplisbed 
on  this  sasple. 


r.  HIimIUmou*  SiapllDC 


(1)  Tb«  oootractor  ahall  oolltct  t  total  of  ^  dlacritc 
daptb  vattr  oaaplta  frca  locatiooa  at  HcCbord  AFB  vbara  altbar  ooDtaalDatlOD 
la  dlaooTtrad  durlbf  SnatallatioD  of  Dtv  valla,  free  locationa  vbara  data  gaps 
baft  btao  Idebtiriad,  or  froa  locatloba  vbara  ooDtaalbatlOQ  probl«a  are  daUct- 
ad  aa  a  raault  of  the  frouodvatar  ■ODitorlog  afforta  oonduotad  io  B.1  or  B.3. 

(2;  Afiolyze  all  10  discrete  sar.ples  collected  for  volatile  orjar.ic 
compounds  (VOC)  and  three  of  the  samples  for  base  neutral  compounds  (BN). 

(3)  Collect  a  total  of  IB  samples  from  the  9  wells  installed  in 
Tasks  I.B.2.c.(6)  and  I.B.2.d.(5)  above.  The  samples  shall  be  obtained  by  performing 
two  rounds  of  sampling  on  the  wells.  Analyze  each  sample  for  volatile  organic  compounds 

(4)  Perform  a  tin. e-series  analysis  on  existing  wells  in  Area  D 
(upgradient,  adjacent  and  downgradient  of  the  landfills;  exact  wells  to  be  determined 
in  the  field).  Collect  41  samples  over  a  16-week  period  and  analyze  for  volatile 
organic  compounds.  After  all  groundwater  pumps  have  been  shut  down  and  the  aquifer 
has  been  allowed  to  equilibrate  for  at  least  one  week, take  three  separate  measurements 
of  depth  to  groundwater  once  per  week  for  three  weeks  at  Area  D  wells  and  EPA  wells, 

W1  through  W4 .  Additionally,  after  equilibration,  conduct  two  groundwater  sampling 
events  in  EPA  wells,  W1  through  W4  concurrently  with  sampling  in  wells  DROl,  DR03  and 
DRO  5.  All  14  samples  shall  be  analyzed  for  volatile  organic  compounds. 

(5)  See  Attachment  1 

3.  Geophysical  Surreys 

A.  The  oontrsetor  aball  perfont  leopbyaieal  surreys  using  elee> 
trlcal  resistiiity  sod  seianic  refraction  techniques  to  nap  tbe  surface 
eleratioo  contours  of  the  unsaturated  glacial  till  unit.  A  linlnun  of  20,000 
linear  feet  of  geophysical  survey  vork  shall  be  perforsed.  Seisslc  surveys 
shall  utilise  geophones  separated  by  a  distance  of  not  sore  than  10  netera. 

An  additional  1,350  lineal  feet  shall  be  surveyed  using  geopbooe  spacing  of 
less  than  or  equal  to  three  aeters.  Electrical  resistivity  checkpoints  shall 
be  positioned  every  1,000  feet  of  the  transect  footage  for  oonfimation  of  tbe 
sciSBic  refraction  data. 

B.  Geophysical  techniques  shall  also  be  used  to  detemine  the 
depth  to  groundwater  table  under  the  golf  oourse,  ordnance  depot,  and  base 
housing  areas. 

A.  Subsurface  Brine  Migration  Studies 

Brine  waters  aball  be  injected  into  tbe  groundwater  in  tbe  vicin¬ 
ity  of  DIP  veils  BZ02  sod  CZ01  to  deterainc  the  direction  and  welocity  of 
groundwater  flow  and  possible  avenues  sod  locations  of  hydraulic  connection 
between  tbe  upper  aquifers.  This  study  aball  not  begin  until  at  least  eight 
weeks  of  conductivity  data  specified  in  B.I.b  have  been  oollected.  Specific 
requireaents  for  the  brine  aigratlon  studies  are  presented  below. 

a.  Subsurface  Brine  Migration  Studies  Area  E 

(1)  Tbe  oootractor  shall  dissolve  100  to  300  pounds  of  salt 
into  500  gallons  of  water. 


(2)  Tbt  te*!!)*  •olutlOD  •bftll  b*  dralMd  into  ibt  tilitlBC 
iMch  fitid  D«ar  veil  EZ02. 

(3)  IddiUoDtl  vaUr  Bhall  be  ooDtlDuoualj  dlidbaried  to  tbi 
iMcb  field  for  •  BltilBUB  of  12  boura  to  loaure  tbc  fluabinc  of  brloe  raal|iui 
into  tbe  upper  aquifer. 

(I)  Vitbin  one  bour  of  diacbarge  of  brloe  to  tbe  leaob  field 
tbc  oontractor  Bbell  beglo  BOQitorit4  of  oooduetlvity  ixt  exlatlng  valla  at 
MoCbord  AfB.  i  BajdBUB  of  $5  vella  Bbell  be  Booltored.  Hooitorlof  aball  be 
perforaed  dailj  uotil  a  deterBioetioo  ia  Bade  that  tbe  aalioe  pi  use  baa  peaaed 
or  that  it  ia  Bot  likely  to  peaa  io  tbe  Tieinity  of  tbe  pertiouler  veil  io 
qucatioD.  Ibc  duretloo  of  tbia  atudy  aball  not  exceed  14  daya. 

b.  Subaurface  Brioc  Migratioo  Studied  Area  C 

(1)  Tbe  ooDtraetor  aball  dlaaolTC  100  to  300  pouoda  of  aalt 
ioto  500  gallooa  of  vater. 

(2)  Tbe  brine  aolutioo  aball  be  drained  into  tbe  leacb  pit 
located  near  building  792. 

(3)  Additional  vater  aball  be  oontinuoualy  dlacbarged  to  tbe 
leacb  field  for  a  bIoIbub  of  12  boura  to  Inaure  tbe  flushing  of  brine  residue 
into  tbe  upper  aquifer. 

(4)  Vitbin  one  bour  of  diacbarge  of  brine  to  tbe  leacb  field, 
tbe  oontractor  aball  begin  tbe  aonitoring  of  oonductiTlty  io  exiating  vella  at 
McCbord  AFB.  A  total  of  55  veils  aball  be  Bonitored.  Monitoring  aball  be  per- 
foraed  daily  until  a  deterainatloo  is  Bade  that  tbe  saline  pluae  baa  passed  or 
that  it  is  not  likely  to  pass  in  tbe  vicinity  of  tbe  particular  veil  io  ques¬ 
tion.  Tbe  duration  of  this  atudy  aball  not  exceed  14  days. 

c.  Tbe  oontractor  aball  detervine  and  apply  for  all  peraits  neoes- 
aary  to  conduct  tbia  study  and  aball  have  these  peralta  prior  to  initiation  of 
this  study. 

5.  Veil  Hodifioation  and  lepair 

a.  Seal  and  abandon  tbe  following  four  vella  in  accordance  with 
Vaabington  State  Veil  Construction  Standard,  VAC  173-160-310: 

AZ05 

DZ04 

BOB 

B04 

b.  Repair  veil  DZ03  by  reaoving  tbe  glued  section  and  replacing 
it  vitb  PfC  casing.  Additlonallyj  reaecure  tbe  Bonuaent. 

c.  Modify  tbe  4  veil  cluster  at  tbe  baoi  site.  ReDove  tbe  steel 
BODuaent  and  concrete  ancbor.  Retrofit  three  aonitoring  veils,  regrout  tbe 
aurfaoe  bentonite  aeal^  and  install  a  nev  protectiTC  aonuaent. 


C-7 


C.  Veil  XfivtAllalioo  tod  ClMDup 


Well  InttallttiODi  tball  bt  clMMd  follMlai  ooapltiloo  of  drllllof. 

Drill  outtlop  vill  bt  rttottd  »Dd  Ibt  itm  eltiDtd. 

D.  DaU  letlcw 

Pesult*  of  Mapllns  and  aoaljaia  aball  bt  Ubulattd  aod  iBoorpor- 
•Ud  Id  tba  •ODthly  MD  atatua  raport  aa  aptclflad  Id  Itao  Tl  btlow  aod  for- 
warded  to  tbc  DSiF  OESiL  for  ravlew  aa  aooe  aa  they  baooae  atallabla. 

I.  BQslMtrioe  rraluatloD 

To  tbc  BajdavB  aitaot  poaaiblt,  baaed  oo  the  data  geoeratad  lo  thla 
effort,  tbe  oootraetor  aball  detaraioe  tbe  aagnitude  and  azteot  of  aorlroo- 
aeotal  oootaaloatloo.  Tbe  oootracior  aball  uae  beat  aDgloaeriog  Judgaaeot 
to  eTtluaU  the  algnlfieaDoe  of  tbe  ooQtaaioatloo.  Tbe  frequency  aod  ezteot 
of  future  aDTlrooBeDtal  ocnltoriog  (if  oeceaaary)  aball  alao  be  Ideotlflcd. 

T,  Peport  Preparation 

A  report  delioeating  all  findings  of  thla  field  Investlptlon  aball  be 
prepared  and  forwarded  to  tbe  OSiF  OEHL  aa  apeeifled  In  Itaa  TI  below  for  Air 
Force  review  aod  eoasent.  Tbia  report  aball  include  a  discussion  of  tbe  region¬ 
al  hydrogeology,  well  logs  of  all  project  wells,  data  froa  water  lerel  aurveys 
and  geophysical  surveys  and  aaps  and  interpretation  of  tbe  data  generated,  aqui- 
teat  results  and  conclusions,  brine  aigration  studies  results  and  conclualona, 
water  quality  analysis  results,  available  geobydrologlc  cross  sections,  ground¬ 
water  surface  aod  gradient  vector  aaps,  vertical  aod  boritontal  flow  vectors, 
laboratory  quality  aasuraooe  inforaation,  aagnitude  aod  ezteot  aod  direction  of 
aovaaeot  of  anvironaental  oontaaioatioo,  signifioanoe  of  disooverad  oontaaina- 
tion,  and  actions  thought  to  be  oeceaaary  to  ooaply  with  state  and  federal 
regulations,  ^cific  reooanendatlons  for  future  groundwater  and  surface 
water  aonitoriog  oust  be  identified.  Tbe  report  aball  follow  the  DSAF  OEEL  sup¬ 
plied  foraat  aailed  under  separate  oover. 

G.  Report  Review 

Tbe  draft  report,  prepared  Ii¥  paragraph  P  above,  delioeating  all  findings 
and  recoBBeodations  shall  be  forwarded  to  tbe  DSAF  OESL  aa  specified  in  Xtec  TI 
below  for  Air  Force  review  and  coBaent.  Upon  receipt  and  iooorporation  of  DSAF 
review  ooBsents,  the  report  shall  be  finalized  and  rasubaltted  to  tbe  OSiF  OQL. 

B.  Meetings 

Tbe  contractor  aod  project  leader  aball  B«et  with  Air  Foroe  officials 
and/or  state  or  federal  eoviroaaeotal  regulatory  agency  representatives  oo 
three  separate  occasions  for  eight  hours  each  to  present  aod  discuss  results 
of  this  investigations  at  HcCbord  AFB. 

II.  Site  Locations  and  Dates: 

McChord  AFB  iA 

Dates  to  be  establiabed 
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111.  Iam  Support 


II 

5 


I 


S 


MeCbord  APB  vUl  protid*  ibt  feUovl&i  support: 

1.  At  olwouons  of  th*  top  of  tbo  voll  etilnto  at  the  otwlj  iDatalltd 
vtlla  vUl  bo  suTToycd  and  roporUd  to  tbt  oontractor  vltblo  45  days 
of  oooplotlon  of  all  veils.  Ibe  tlrrationa  will  be  accurate  to  tbe 
oasreat  0.1  foot  tod  vill  be  rcftfeDood  to  a  aaat  aea  level  datua. 

2.  Acoeaa  to  all  slUa  vill  be  provided.  Ibis  aay  oeoeaaiUU  tbe  clear* 
aace  of  aBall  araaa  to  peralt  set  up  and  operatioo  of  drillinc  rip  aad 
squipoeBt. 

3.  A  portable  poorator  vill  be  provided  to  tbe  oootractor  for  use  at  tbe 
drilliac  and/or  saapliof  sites. 

4.  A  Mall  oil-free  air  ooapreasor  vill  be  provided  to  tbe  oootractor  for 
use  at  the  crouodvater  saaplioc  locations. 

5.  HcCbord  APB  shall  also  provide  flusbinc  vater  fron  hydrant  or  other 
vaUr  supply  source  for  period  up  to  12  bra  following  the  release  of 
ooDoentrated  brine  solution. 

6.  Electrical  power  (230V)  to  tbe  puap  oontrol  boxes  at  tbe  three  wells 
described  in  Task  l.B.2.f.(4)  above. 

rv.  CoveroBent  Purnlabed  Property:  A  portable  water  bladder  or  tank  with  a 

capacity  capacity  of  do  less  then  500  gallons  shall  be  provided  for  use  in 

tbe  brine  investlption  sigration. 

V.  Covernneot  Foints  of  Contact: 

1,  Dennis  Brcwnley 
USAF  OEHL/TS 

Brooks  AFB  TX  78235-5000 
(512)  536-2158 
AV  240-2158 

3«  Caot  Dulcie  Weisren 

DSAP  Cllnlc/SCPB 
HcCbord  APB  VA  98438-5300 
(206)  9S4-3921 
AV  976-3921 

Tl.  In  addition  to  seqvence  nvabers  1,  5  aad  11  listed  in  Atcb  1  to  tbe  oon- 
tract,  which  arc  applicable  to  all  orders,  the  aequenoe  nuabers  below  are 
applicable  to  this  order.  Also  shown  arc  data  applicable  to  this  order. 


Sequence  lo. 

Block  10 

Block  11 

Block  12 

Block  13  Block  14 

4* 

ONE/S 

85  MAR  8 

85  MAR  15 

85  JUL  19  • 

*  two  draft  reports  vill  be  required.  After  incorporating  Air 
Poroe  oouents  concerning  tbe  first  draft  raport,  the  oontractor  ahall  supply 
tbe  DSAP  OBEL  with  a  second  draft  report.  The  report  vill  be  forwarded  to 
the  applicable  reg>aatory  agencies  for  their  eoanents.  Tbe  oontractor  ahall 
supply  the  DSAP  OBIL  with  25  oopios  of  each  draft  report,  and  50  oopies  plus 
tbe  original  oaaera  ready  copy  of  the  final  report. 


2 .  Lt  Col  O^r^Tine  Banner 

BQ  MAC/SGPB 

Soott  APB  IL  62225-5000 
(616  )  256  -2306 
AV  63B-2306 


a 


leqtlrtd  laapli  Dtttctles  LLalti 


Ckaalctl  CoBctBtratioi 


Tolatile  Orgtalc  Coapeaadt 

e 

Base  Nsatral  Coapoaads 

as 

AUria 

0.02  pg/L 

Oialdria 

0.02  pg/L 

*  Chlordaae 

0.02  pg/L 

4,4'  DDT 

0.02  pg/L 

4.4’  DDE 

0.02  pg/L 

4.4'  DDO 

0.02  pg/L 

Eadria 

0.02  pg/L 

Eadria  Aldehyde 

0.02  pg/L 

Beptachlor 

0.02  pg/L 

Arteaic 

10  pg/L 

Cadaiaa 

10  pg/L 

Chroaiaa 

50  pg/L 

Copper 

SO  pg/L 

L«td 

20  pg/L 

Mcrcary 

1  9|/L 

Nickel 

100  pg/L 

Selcaiaa 

10  pg/L 

Ziac 

50  pg/L 

Pheaol 

1  ag/L 

Cyaaide 

10  pg/L 

•Detection  liaitt  for  Toletile  Oritaie  Coaponadi  sball  be  it  specified  for  the 
coaponnds  bp  EPA  Methods  dOl'dOJ.  Method:  Federal  leiistsr.  Vol.  44,  No. 

233.  pp  4946S-69473.  This  aethod  sboald  be  atrictlj  folloved  iacltdiag 
these  Iteas: 


e*. 

i 

w 


ii 


m-tk 


Itca  1.4  “  This  aethod  it  recoBaeaded  by  EPA  for  mse  oaly  by  ezperieaced 

residac  aaalystt  or  uder  the  close  saperritioa  of  tach  qaalified 
pertoat. 

Itea  2.2  -  This  it  aost  iaportaat.  If  iaterfereacet  are  eacoaatered  (as  ia 
etrly  peaks  sack  at  aiayl  chloride),  the  aethod  provide t  a 
seeoadary  gat  chroastographic  colaau  that  will  be  helpfal  ia  ^ 

resolviag  the  coapoaads  of  iatercat  froa  iaterfereacet.  This 
aast  be  doae  ia  the  case  of  viayl  chloride  aad  to  aoted  ia 
aaalytis  report. 

Iteas  3.3,  7. 1-7. 3  -  These  sectioas  oa  iaterfereaccs,  coataaiastioB  aad  QC 

ahoald  be  strictly  follovad. 

Iteas  1.3  -  All  staples  aast  be  aaslyted  vithia  the  recoaaeaded  holding 
tiaes.  Tkis  aast  be  folloved  vithoat  caception. 

If  qaestioas  arc  eacoaatered  aboat  certaia  eoataaiaaatt  yoa  aay  be  asked  to  * 

show  both  chroaatograas  ased  to  rale  eat  possible  iaterfcraaces. 

••Detectioa  liaitt  for  Base  Nsatral  Coapoaads  shall  be  as  specified  for  the  eoapoaad  ' 

by  EPA  Method  425. 

U 
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ATTACHMENT  I 


As  per  conversation  with  Col«  R«C«  Wooten  on  1/31/85  and  2/1/85,  the  following 
addition  is  made  to  Section  2(f):  (5)  Reoccupy  monitoring  wells  with  measur¬ 

able  contaminant  concentrations  at  the  surface  of  the  water  table.  The  wells 
to  be  reoccupied  and  sampled  Include:  AZOl,  AZ03,  AZ04,  and  AZ06.  One  water 
sample  will  be  taken  from  each  well  and  analyzed  for  VOA.  One  discrete  water 
sample  shall  also  be  taken  and  analyzed  for  VOC,  for  a  total  of  eight  samples. 


APPENDIX  D 

WELL  LOGS  AND  WELL  CONSTRUCTION  SUMMARIES 


Project:  McChord  AFB,  IRP  Phase  II  Stage  2 


Well  ID; 


DRILLING  SUMMARY 


Total  Depth;  58.0' _ 

Borehole  Diameter :  8" _ 

ELEVATION : 

Land  Surface:  294.97 _ 

Top  of  Casing:  297.45 _ 

Groundwater:  259.47 _ 

Drilling  Started:  33/07/20 
(date) 

Geologist:  Robert  L.  Peshkin 

NOTES : 


0925 

(time) 


Driller :  Jim  Clarke _ 

Subterranean,  Inc. 
Sumner,  Washington 

Rig  Type:  Mobile  B-61 _ 

Bit(s):  Carbide  Tooth 
Drilling  Fluid:  None _ 

Drilling  Completed:  83/07/20 

(date) 

Technician: 


(time) 


BL^YNK  CASING 
Material :_ 
Diameter: 


2.375" 


Depth:  000.0'  -  007.5' _  Depth:  007-3'  - 

SEALS:  Type:  Threaded _  SEALS:  Type: _ ] 

Filter  Material;  Backfilled  Cuttings  GROUT:  Type: _ ^ 

Surface  Monument:  ^8"  x  6"  I.D.  Steel  pipe  with  locking  cover 


NOTES : 


SLOTTED  CASING 

Material ;  _ 

Diameter:  ^.O"  ip  2.375' 

Depth:  007-3'  -  057.5' 

SEALS :  Type ;  Threaded _ 

GROUT:  Type:  Bentonite/Cement 


SITE  DESCRIPTION 


Approximately  500'  east  of  Bridgeport  Way,  50' 
south  of  McChord  Drive,  just  inside  the  base 


boundary  fence  in  wooded  area  adjacent  to  the 


AtSOPATES 


-  BORINC  LOG  - 


PROJECT'  McChord  aFB,  IRP  Phase  II  Stage  2  i-OCATION  Tacoma,  Washington 


WELL  ID:  AZ04 


SATI:  HI  JuLi  I  It  3 


SURFACE  elevation: 


ILfV  OCPTM 


GROUNDWATER  ELEVATION 


GEOLOGIC  OESCAIPTION 


0. 0-1.0 
Organic  oantle 
1.0-22.0 

Glacial  outwash,  gravelly 
sandy  loam  grading  to  ve.-y 
sandv  gr.ivel.  coarse  to  fine, 
brovm  to  gray/brown,  very 
silty,  very  poorly  sorted, 
very  unconsolidated 
17.5 

Glacial  outwash,  as  above, 
becoming  more  consolidated, 
some  cobbles,  Tr  Fe  staining 
22.0-58.0 

Glacial  till,  brown  to  gray/ 
green,  very  clayey  sand,  very 
silty,  some  gravel,  very  poorly 
sorted,  well  consolidated 


37.5 

Glacial  till,  as  above, 
increasing  clay 


47.0-51.0 

Sand,  black  to  gray,  fine  to 
medium,  soiie  very  fine,  well 
sorted,  si  ghtly  consolidated 
51.0-53.0 

Sand,  as  above,  decreased 
sorting,  increased  gravel  and 
silt 

53.0-58.0 

Glacial  till,  as  above,  very 
gravelly 

TOTAL  DEPTH;  58.0',  07/20/83 


Project:  McChord  AFB,  IRP  Phase  II  Stage  2 


DRILLING  SUMMARY 


Well  ID: _ AZ05 


Total  Depth:  58.0 _ 

Borehole  Diameter  ;  8" 

ELEVATION : 

Land  Surface:  288.45 
Top  of  Casing:  292.35 


Groundwater : 


262.45 


Drilling  Started:  83/07/20 


Geologist : 


(date)  (time) 

Robert  L.  Peshkin 


Driller:  Clarke _ 

Subterranean,  Inc. 
Sumner,  Washington 

Rig  Type: 

Bit(s):  Carbide  Tooth 
Drilling  Fluid;  _ 

Drilling  Completed:  ^3/07/21 

(date) 

Technician : 


NOTES:  Casing  broke  downhole;  redrilied  and  installed  well  to  37.5' 


(time) 


WELL  DESIGN 


BLANK  CASING 

Material : _ | 

Diameter:  2.0" 


Depth:  000.0'  ■  007.5'  Depth:  00/. b' 

SEALS:  Type:  Threaded _  SEALS:  Type: _ ^ 

Filter  Material:  Backfilled  Cuttings  GROUT:  Type: _ ^ 

Surface  Monument:  ^8"  x  6"  I.D.  Steel  pipe  with  locking  cover 


SLOTTED  CASING 
Material: 


2.375"  OP  Diameter:  _ ID  2,375" 

_  Depth:  007.5'  -  037.5' _ 

_  ■  SEALS:  Type:  Threaded _ 

buttings  GROUT:  Type:  Bentonite/Cemeni: 


NOTES:  Mr 


well  abanr 


Casing  plugged  and  borehole  sealed  because  of  low 


water  yield  (December,  1984). 


SITE  DESCRIPTION 


Location:  .Approximately  25'  SE  of  Building  1108 
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ASSOCIATES 


WELL  CONSTRUCTION  SUMMARY 


Project:  McChord  AFB,  IRP  Phase  II  Stage  2 


Well  ID: 


DRILLING  SUMMARY 


Total  Depth:  53.0' 


Driller:  Jim  Clarke 


Borehole  Diameter 


Subterranean,  Inc. 


ELEVATION: 


Sumner,  Washington 


Land  Surface:  292.43 


Top  of  Casing:  292.43 


Groundwater: 


270.43 


Drilling  Started:  83/03/29 _ 

(date) 

Geologist : _ Robert  L.  Peshkln 


0900 

(time) 


Rig  Type:  Mobile  B-61 _ 

Bit(s):  Carbide  tooth 

Drilling  Fluid;  None _ 

Drilling  Completed;  33/08/29 


(date) 


(time) 


Technician: 


NOTES : 


WELL  DESIGN 


0 


BLANK  CASING 


SLOTTED  CASING 


Material: 


Material ; 


Diameter : 


2.375" 


Depth:  000.0*  ”  012.5* 

SEALS:  Type;  Threaded _ 

Bsckfillsd  cuCti.n§s 


Diameter :  _ ID  _ 

Depth:  012.5*  -  052.5* 

SEALS:  Type:  Threaded _ 

GROUT:  Type:.  Bentonite/Cement 


2.375" 


Surface  Monument:  ^  Steel  pipe  with  locking  cover 


NOTES:  monument  is  at  ground  level  because  well  is  off  base  on  Pierce  County  Deptj: 

of  Public  Works  right-of-way.  ' 


SITE  DESCRIPTION 


Location : 


North  of  base  boundary  on  Pierce  County  Dent. 


i?? '•  *  MC  CHORDi 

\  FORCEj 

—— 1 


of  Public  Works  right-of-way,  20*  south  of 


McChord  Drive.  Approximately  500*  west  of 


Burlington-Northern  railroad  tracks 


!V  > 

s:-* 


Latitude : 


Longitude : 


V  '-r- 


Twp;  19N 


Sec:  SW'4  SE'.  AS 


Site  Sketch 


ASSOCIATES 


- •oniNC  EjOQ - 


PROJECT:  McChord  AFB,  IRP  Phase  11  Stage  2  LOCATION:  Tacoma,  Uashlngton 


WELL  ID-  AZOh  7t  Aiiyuir  VKl 


SURFACE  ELEVATION  292.43  CFKXIhOWATER  ElEVAI lON  IPJ.-i 


EUV  OCPTM 


232.43  6 


QEOLOOIC  DESCRIPTION 


0.0-1. 5 

Organic  mantle 
1.5-35.0 

Glacial  ouCwash,  very  sandy 
gravel,  fine  to  coarse,  brown 
to  gray/black,  some  cobbles, 
unsorted,  unconsolidated 


^1 

■i«nDiK 

* 

35.0-53.0 

Glacial  till,  very  sandy 
silt/clay,  gray,  coarse, 
some  gravel,  unsorted, 
slightly  consolidated 


TOTAL  DEPTH;  53.0',  07/29/83 


I  ^RSS 


AS80C»Am 


WELL  CONSTRUCTION  SUMMARY 


Project:  McChord  AFB,  IRP  Phase  II  Stage  2 


DRILLING  SLWIARY 

Total  Depth;  98.0' _ _ 

Borehole  Diameter:  _ 

ELEVATION: 

Land  Surface;  280.48 _ 

Top  of  Casing;  283.31 _ 

Groundwater:  268.48 


Well  ID:  CZ05 


Drilling  Started:  33/07/15 
(date) 

Geologist : _ Robert  Peshkin 

NOTES : 


0950 

(time) 


Driller:  _ 

Subterranean,  Inc. 

Sumner,  Washington 

Rig  Type:  Mobile  B-61 _ 

Bit(s):  Carbide  Tooth 

Drilling  Fluid:  _ 

Drilling  Completed:  33/07/15 

(date) 

Technician : 


1900 

(time) 


WELL  DESIGN 


BLANK  CASING 

Material: _ 

Diameter : 


PVC _ 

2.0"  ID  2.375" 
000.0'  -  007.0' 


SLOTTED  CASING 
Material :  R^C 

Diameter: 


Depth: _ UUU.U  -  00 /.U _  Depth:  uu/.u'  -  uy/.u' 

SEALS:  Type ;  Threaded _  SEALS:  Type:  Threaded 

Filter  Material:  Backfilled  Cuttings  GROUT:  Type:  Bentonite/Cenent 

Surface  Monument:  6"  x  48"  Steel  Pipe  with  locking  cover 


ID 

007.0'  -  097.0' 


2.375" 


NOTES 


SITE  DESCRIPTION 


Location:  Approximately  100'  east  of  Building  1157 


I  I  HDKI) 

f 

h"i )  l<  I  ■  K[ 


Site  Sketch 


Latitude : 

Longitude : 

Twp:  19N 

Rge:  2E 

Sec:  SW  SI 

riiffi  fii^fifi  1 1 


BniP 


ASSOCIATES 


-  BORING  LOG  - 


PROJECT:  McChord  AFB  IRP,  Phase  II  Stage  2  LOCATION  Tacoma,  Washington 


WELL  ID:  CZ05  15  June  1983 


SURFACE  ELEVATION  280.  A8  GROUNDWATER  ELEVATION:  268.48 


GEOLOGIC  OESCAIPTlOft 


0.0-0.17 
Organic  Mantle 
0.17-11.  J 

Glacial  outwash,  sand,  gravel, 
and  cobbles 

Tr  organic  material,  unconsoli¬ 
dated,  poorly  sorted 
11.0-12.0 

Sand,  medium,  well  sorted 

12.0-21.0 

Glacial  outwash;  as  above 


21.0-22.0 

Clav,  gray,  dense 
22.0-23.0 

Sand,  black  to  gray/green, 
coarse,  some  fine-medium, 

Tr  silt,  well  sorted,  poorly 
consolidated 
23.0-27.5 

Glacial  outwash;  as  above 
27.5-35.0 

Glacial  till,  gray,  gravelly 
silt  and  clay,  very  sandy, 
fine  to  medium,  poorly  sorted, 
slightly  consolidated 
35.0-36.0 

Sand,  fine  to  medium,  well 
sorted,  unconsolidated 
36.0-97.5 

Glacial  till,  gray  to  green/ 
gray,  very  sandy  silt  and  clay, 
some  gravel  very  dense,  very 
poorly  sorted,  very  well  con¬ 
solidated 


97.5-98.0 

Clay,  blue-blue/gr.iv 


TOTAL  DEPTH;  98.0',  07/15/83 
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WELL  CONSTRUCTION  SUMMARY 


Project:  McChord  AFB,  IRP  Phase  II  Stage  2 


Well  ID:  DZ03 


DRILLING  SUMMARY 


Total  Depth:  58.0' 
Borehole  Diameter  : 


ELEVATION: 

Land  Surface: 


268.68 


Top  of  Casing:  271.27 


Groundwater: _ 

Drilling  Started: 


257.18 

33/08/12 


Geologist : 
NOTES : 


(date)  (time) 

Robert  L.  Peshkin 


Driller*  3i^  Clarke 


Rig  Type:_ 
Bit (s)  : 


Subterranean,  Inc. 
Sumner,  Washington 
Mobile  B-61 
Carbide  Tooth 


Drilling  Fluid: _ Z 

Drilling  Completed: 


Technician: 


83/08/12 

(date) 


(time) 


WELL  DESIGN 


BLANK  CASING 
Material :  PVC 

Diameter :  2.0" 


ID  2.375" 


Depth:  000.0*  -  003.0' _ 

SEALS:  Type :  Threaded _ 

Filter  Material:  Backfilled  Cuttings 


SLOTTED  CASING 

Material : _ P\ 

Diameter:  2.0" 


ID  2.375" 


Depth;  003.0'  -  053.0’ _ 

SEALS :  Type ;  Threaded _ 

GROUT:  Type:  Bentonite/Cenent 


Surface  Monument:  48"  x  6"  I.D.  Steel  pipe  with  locking  cover 
NOTES : _ PVC  heaved  up  4'  during  installation. _ 


SITE  DESCRIPTION 


Location:  Golf  course — west  of  3rd  tee,  approximately 

250'  NW  of  base  housing  gate 


.1  m 


ir— .  1^- 

Z^iirC  \  ■  I .  ,  1-- 

■  VHni  ■  aid  I'  Lkll  .bjIj 

:  1  IB  _ J 

Site  Sketch 


Lat itudu: 


Twp: _ m 


Longitude : 


SE’.  SW'i  14 
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IBM 


BORING  LOG 


PROJECT:  McChord  AFB,  IRP  Phase  11  Stage  2  LOCATION:  Tacona,  Washington 


WELL  ID:  DZ03 


SURFACE  ELEVATION  268.68 


12  August  1983 


GROUNDWATER  ELEVATION  257.18 


ILIV  OSPTH  ”  OIOLOCIC  OtSCAfPTION 


0. 0-2.0 

Organic  mantle 
2.0-A2.0 

Glacial  outwash,  black  to  gray/ 
green  gravelly  sand,  medium  to 
coarse,  some  cobbles,  Tr  Fe 
staining,  poorly  sorted,  very 
unconsolidated 
12.0-22.0 

Glacial  outwash,  as  above 
very  Fe  stained 

22.0-42.0 

_  Glacial  outwash,  black  to  gray/ 

green,  gravelly  sand,  some 
cobbles,  unsorted,  very  uncon¬ 
solidated 


42.0-58.0 

Glacial  till,  gray  to  brown/ 
green,  silty  sandy  gravel, 
some  clay,  unsorted,  well 
consolidated.  Increased  sorting 
and  decreased  consolidation 
with  depth 


TOTAL  DEPTH:  58.0’,  08/12/33 


WELL  CONSTRUCTION  SUMMARY 


Project:  McChord  AFB,  IRP  Phase  II  Stage  2 


Well  ID: 


DRILLING  SUMMARY 


Total  Depth:  88. ( 
Borehole  Diameter  : 


ELEVATION : 

Land  Surface; 


260.5 


Top  of  Casing:  NA,  Removed 


Groundwater: 


246.5 


Drilling  Started:83/08/23 _ 

(date) 

Geologist :  Robert  L.  Peshkin 
NOTES : 


0845 

(time) 


Dril.’ er:  Jim  Clarke _ 

_ Subterranean.  Inc. 

_ _ Sumner,  Washington 

Rig  Type:  Mobile  3-61 _ 

Bit (s) :  Carbide  Tooth _ 

Drilling  Fluid:  None _ 

Drilling  Completed:  83/08/24 


Technician: 


(date) 


1235 

(time) 


WELL  DESIGN 


BLANK  CASING 

Material : _ 

Diameter : _ 

Depth : _ 

SEALS:  Type: _ 

Filter  Material:_ 
Surface  Monument: 


SLOTTED  CASING 

Material : _ 

Diameter: _ 

Depth: _ 

SEALS:  Type: _ 

GROUT:  Type: 


NOTES ; 


PVC  broke  downhole  at  approximately  40’ .  Well  abandoned.  Casing  plugged 


and  borehole  sealed  October,  1984. 


SITE  DESCRIPTION 


Location:  Golf  course — approximately  200'  north  of 

Lincoln  Blvd.  betv/een  2nd  green  and  3rd  tee  on 
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ASSOCIATES 


BORING  LOG 


PROJECT:  McChord  AFB,  IRP  Phase  II  Stage  2  LOCATION  Tacoma,  Washington 


WELL  ID: 


23  August  1983  -  29  Aup.ust  1983 


SURFACE  ELEVATION:  ^ 


GROUNDWATER  ELEVATION 


tLEV.  DEPTH 


290.5  2 


230.5  3 


200.5  6 


180.5  8 


170.5  9 


GEOLOGIC  OESCPIPTION 


0. 0-3.0 

Organic  Mantle 
3. 0-6.0 
Peat 

6.0-10.0 

Sandy  loam,  black,  some 
gravel 
10.0-92.0 

Glacial  outwash,  brown,  sand, 
coarse  to  medium,  very  silty, 
some  gravel,  unsorted,  very 
unconsolidated 


81.5-88.0 

S.and,  black,  coarse,  some 
medium,  Tr  very  coarse,  well 
sorted,  unconsolidated 

TOTAL  DEPTH;  88.0’,  08/29/83 


SAMPLES  STANOAPD  PENETRATION  RESISTANCE 


92.0-92.5 

Clay,  blue/gray,  stiff 
92.5-81.5 

Glacial  till,  blue/gray  sandy 
silt  and  clay,  Tr  gravel, 
poorly  sorted,  well  consoli* 
dated 
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IMiKtel 


ASSOCIATIS 


BORING  LOG 


PROJECT:  McChord  AFB,  IRP  Phase  II  Stage  2  LOCATION:  Tacoma,  Washington 


WELL  ID  DOS 


DATE:  24  August  1983  -  26  August  1933 


SURFACE  elevation:  Approximately  285  GROUNDWATER  ELEVATION'  Approximately  261 


ELEV  DEPTH  *?!!'''  GEOLOGIC  DESCRIPTION 

LOG 


standard  penetration  resistance 


0.0-31.5 

Glacial  outwash,  gravelly  sand,  S‘r 
brown,  coarse  to  medium, 
some  silt,  some  cobbles, 
unsorted,  unconsolidated 


27.0-27.5 
Sand  lens 

31.5-56.0 

Glacial  till,  very  sandy 
sllt/clay,  some  gravel, 
unsorted,  well  consolidated 


56.0-73.0 

Sand,  medium  to  coarse,  black 
to  gray,  very  silty,  very 
clayey,  very  well  consolidated 
62.5-63.0 
Clay  lens 


TOTAL  DEPTH:  73.0',  08/26/83 


ASSOCIATES 


WELL  CONSTRUCTION  SUMMARY 


I 

-1 


Project:  McChord  AFB,  IRP  Phase  II  Stage  2 


Well  ID: 


DRILLING  SLm\RY 


Total  Depth:  63.0' 


Driller:  Jin  Clarke 


Borehole  Diameter  :  8" 


ELEVATION: 


Subterranean,  Inc. 
Sumner,  Washington 


Land  Surface:  272.52 


Top  of  Casing:  275.37 


Groundwater: 


258.02 


Drilling  Started:  83/08/29 

(date) 

Geologist:  Robert  L.  Peshkin 


1510 

(time) 


Rig  Type:  Mobile  B-61 
Bit(s):  Carbide  tooth 

Drilling  Fluid;  ^one _ 

Drilling  Completed:  83/08/29 


(date) 


Technician: 


(time)  y 


NOTES: 


WELL  DESIGN 


BLANK  CASING 


SLOTTED  CASING 


Material: 


Material: 


Diameter ; 


2.375"  OD 


Diameter:  2.0" 


2.375" 


Depth :  000.0  -  005.0  ' _ 

SEALS:  Type :  Threaded _ 

Filter  Material;  Backfilled  cuttings 


Depth ;  005.0  -  0A5.0 _ 

SEALS :  Type ;  Threaded _ 

GROUT:  Type;  Bentonite/Cement 


Surface  Monument:  48"  x  6"  I.D.  Steel  pipe  with  locking  cover 


NOTES: 


PVC  heaved  up  approximately  18'  during  withdrawal  of  the  augers. 


SITE  DESCRIPTION 


I  Perttf  HKIt 


Location:  Approximately  25'  north  of  Lincoln  Blvd.; 

approximately  75'  east  of  base  housing  gate 


J  _  .In  r  c  H^o  R  !p 


'  -'Ml  1 

iMtiw  1  .■ 

.AIR'~T0RCE  BASE 


•  1  .ij 


Latitude: 


Longitude : 


Sec:  SE-  SU>4  14 


Site  Sketch 
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WELL  CONSTRUCTION  SUMMARY 

i 

_ P 

J: 

Project:  McChord  AFB,  IRP  Phase  II  Stage  2  Well  ID:  DZ07  0 

- , 

— 

DRILLING  SUMMARY 


Total  Depth:  48.0 


Driller:  Jim  Clarke 


I 


Borehole  Diameter 

8" 

Subterranean,  Inc. 

ELEVATION: 

Sumner,  Washington 

Land  Surface: 

271.56 

Rig  Type:  Mobile  B-61 

Top  of  Casing: 

274.66 

Bit(s):  Carbide  tooth 

Groundwater: 

256.06 

Drilling  Fluid:  None 

Drilling  Started: 

33/08/30 

0900 

Drilling  Completed:  S3/08/30  1125 

Geologist:  Robert 

(date) 

L.  Peshkin 

(time) 

(date)  (time) 

Technician : 

NOTES : 

WELL  DESIGN 

BLANK  CASING 

SLOTTED  CASING 

Material: 

Material: 

Diameter: 

ID 

OD 

Diameter:  2.0'  ID  2.375"  OD 

Depth : 

Depth:  000.0'  -  037.5' 

SEALS:  Type: 

SEALS:  Type:  Threaded 

Filter  Material: 

Backfilled  cuttings 

GROUT:  Type:  Bentonite/Cement 

Surface  Monument: 

48"  X  6' 

I.D. 

Steel  pipe  with  locking  cover 

NOTES :  No  blank 

casing  in  DZ07 

casing  was 

pulled  up  10'  when  well  development 

equipment 

became 

lodged 

in  the  casing  and  had  to  be  winched  out. 

V 


f 


K' 
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SITE  DESCRIPTION 
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Location:  Approximately  25'  south  of  Lincoln  Blvd.; 


approximately  75'  east  of  base  housing  gate 


Latitude : _ 

Twp : 


Site  Sketch 


•  5 

f 


_  Longitude: _ 

Rge:_2E _  Sec:  MEta  NWL  23 
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A' 
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JIMB 


AMOCIATfS 


BORING  LOG 


PROJECT:  McChord  AFB,  IRP  Phase  11 

LOCATION:  Tacoma,  Washington 

WELL  ID:  DZ07 

DATE:  30  August  1983 

SURFACE  elevation:  271.56 

GROUNDWATER  ELEVATION:  256.06 

KEV  DEETH 


ORAEHIC 

LOG 


211.36  6 


lH<1.56  8 


181.56  9 


171.561  lu 
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WELL  CONSTRUCTION  SUMMARY 


Project:  McChord  AFB,  IRP  Phase  II  Stage  2 


Well  i: : 


DRILLING  SUMMARY 


Total  Depth:  103.0' 


Driller:  Jim  Clarke 


Borehole  Diameter 


Subterranean,  Inc. 


ELEVATION: 


Sumner,  Washington 


Land  Surface: 


286.51 


Top  of  Casing:  289.26 


Groundwater: 


273.01 


Drilling  Started:  83/07/19 _ 

fdate) 

Geologist : _ Robert  L.  Peshkin 


1245 

(time) 


Rig  Type :  Mobile  B-61 _ 

Bit(s) ;  Carbide  Tooth _ 

Drilling  Fluid:  None _ 

Drilling  Completed:  33/07/19 


(date) 


1855 
( t ime ) 


Technician: 


NOTES : 


WELL  DESIGN 


BLANK  CASING 


SLOTTED  CASING 


Material: 


Material : 


Diameter:  ^♦0" _ ID  ^•375" 

Depth :  000.0'  ~  002.5' 

SEALS:  Type :  Threaded _ 

Filter  Material:  Backfilled  Cuttings 


Diameter:  2.0" _ jjj  3.375" 

npnrh-  002.5'  -  102.5' 


Depth:  uu-c.d  - 

SEALS:  Type:  Threaded _ 

GROUT:  Type:  Bentonite/Cement 


Surface  Monument:  ^8"  x  6"  I.D.  Steel  pipe  with  locking  cover 


NOTES : 


SITE  DESCRIPTION 


Approximately  1000'  east  of  approach  light  -'A, 


east  of  Perimeter  Road  in  the  NC  corner  of  Che 
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BORING  LOG 


PROJECT:  McChord  AFB,  IRP  Phase  II  Stage  2  LOCATION:  Tacoma,  Washington 


WELL  ID:  HZOl 


DATE 


19  July  1983 


SURFACE  ELEVATION-  <:8h  51 


GROUNDWATER  ELEVATION 


;73.01 


ELtV  DEPTH 


Igpaphic 

LOG 


0.0-0.25 

ni>aan4. 


Organic  mantle 


276.51 


266.51 


256.51  30 


246.51 


236.51 


226.51  60  —I*. 


216.51  70 


206.51  80 


196.51  90  -J. 


186.51  100  _K' 


181.51  105 


:i 


GEOLOGIC  OESCniPTlON 


SAMPLES 


Glacial  outwash,  gravelly 
medium  to  coarse  sand,  brown 
to  buff,  some  silt,  some 
cobble.s,  verv  poorly  sorted, 
very  unconsolidated 


22.5 

Glacial  outwash,  as  above, 
increasing  silt 
27.0-103.0 

Glacial  till,  gravelly  medium 
to  coarse  sand  and  silt,  gray 
to  black/gray/green,  some  clay, 
occasional  Tr  Fe  staining, 
very  poorly  sorted,  well  con¬ 
solidated,  dense 


47.5 

Glacial  till,  as  above, 
increasing  silt,  some  brown 
fine  to  very  fine  sand 


67.0-68.0 

Sand,  black  to  gray/green, 
coarse  to  medium,  Tr  fine  to 
very  fine,  Tr  silt,  Tr  gravel 
some  sorting 

77.5 

Glacial  till,  as  above, 
decreasinr,  gray,  increasing 
brown 


TOTAL  DEPTH;  103.0',  07/19/83 
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WELL  CONSTRUCTION  SUMMARY 


Project 


McChord  AFB.  IRP  Phase  II  Stage  2 


Well  ID:  -JZOl 


DRILLING  SUMMARY 


Total  Depth:  73.0' 
Borehole  Diameter  :_ 
ELEVATION: 

Land  Surface: _ 

Top  of  Casing: _ 

Groundwater : 


295.48 
297.61 

269.48 


Drilling  Started:  83/07/18 _ 

(date) 

Geologist: _ Robert  L.  Peshklu 

NOTES : 


0905 

(time) 


Driller:  Jim  Clarke _ 

_ Subterranean.  Inc. 

_ Sumner,  Washington 

Rig  Type:  Mobile  B-61 _ 

Bit(s) :  Carbide  Tooth _ 

Drilling  Fluid:  None _ 

Drilling  Completed:  33/07/19 

(date) 

Technician: 


1110 

(time) 


WELL  DESIGN 
BLANK  CASING 

Material :  PVC _ 

Diameter:  2.0"  ip  2.375"  pp 

Depth ;  000.0'  -  012.5' _ 

SEALS:  Type:  Threaded _ 

Filter  Material:  Backfilled  cuttings 


SLOTTED  CASING 

Material  :__PVC _ 

Diameter :  _ ID 

Depth:  012.5'  -  072.5’ 

RFAT.!^:  TvnP!  Threaded 


2.375" 


SEALS :  Type ;  inreagea _ 

GROUT:  Type:  Bentonite/Cement 


Surface  Monument:  ^8"  x  6"  I.D.  Steel  pipe  with  locking  cover 


NOTES: 


SITE  DESCRIPTION 


Location:  East  of  'A'  Street  along  south  fence  of 

Civil  Engineering  compound 


ASSOCIATES 


-  BORING  LOG  - 

PROJECT: 

McChord  AFB,  IRP  Phase 

11  Stage  2  location: 

Tacoma,  Washington 

WELL  ID; 

JZOl 

DATE:  18 

July  1983  -  19  July  1983 

SURFACE  elevation;  295.48 


GROUNDWATER  ELEVATION 


IL£V.  IWPTM 


OKAPHIC 

LOO 


GEOLOGIC  DESCRIPTION 


0.0-0. 3 

Organic  mantle 
0.3-29.0 

Glacial  outwash,  gravelly  sand, 
medium  to  coarset  brovm,  some 
cobbles,  some  silt,  Tr  clay, 
very  poorly  sorted,  uncon¬ 
solidated 


22.5 

Outwash,  as  above.  Increasing 
gravel  and  cobbles 

29.0-73.0 

Glacial  till,  blue/gray 
gravelly  clay/sllt,  very 
sandy,  medlum-ccarse,  some 
fine  to  very  fine,  poorly 
sorted,  well  consolidated 


52.0 

Till,  as  above,  very  clayey. 
Increasing  gravel 


TOTAL  DEPTH:  73.0',  07/19/83 
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ASSOCIATES 


WELL  CONSTRUCTION  SUMMARY 


Project 


McChord  AFB,  IRP  Phase  II  Stage  2 


Well  ID:  CROl 


DRILLING  SIWIARY 


Total  Depth: _ 40,0' 

Borehole  Diameter  :  48" 


ELEVATION: 

Land  Surface: 


Top  of  Casing:  2/9.68 


277.  14 


Groundwater : 


’68.68 


Drilling  Started:  84/06/11 _  Drilling  Completf 

(date)  (time) 

Geologist:  Robert  L.  Peshkin _  Technician: _ 

NOTES:  Fuel  odor  in  saturated  zone  during  drilling 


Driller : _ Richard  D.  Lewis _ 

_ Stang  Hydronics,  Inc. 

_  Sumner,  Washington 

Rig  Type :  Calweld  250 

Bit(s) : _ Bucket  Auger _ 

Drilling  Fluid  :  Water/Bentonite 
Drilling  Completed:  84/06/12 _ 


(date) 


(time) 


WELL  DESIGN 


BLANK  CASING 

Material: _ 

Diameter : 


6.031"  ID  6.625"  pp 
0.0'  -  8.0' 


Depth : _ 0.0  -  o .  0 _ 

SEALS :  Type :  Threaded _ 

Filter  Material:  Pea  Gravel 


SLOTTED  CASING 
Material :  PVC 
Diameter:  6.031" 


Depth :  8 . O'  -  38 . O' 

SEALS:  Type:  Threaded _ 

GROUT:  Type:  Bentonite/Cement 


6.625" 


Surface  Monument:  8"x48"  Steel  pipe  with  locking  cover 


NOTES : 


.020  inch  slots 


SITE  DESCRIPTION 


Location:  Apprc cimately  300  feet  northeast  of  Bldg.  1157, 
approximately  500  feet  southeast  of  Bldg.  1178, 


along  the  southern  fenceline  of  'C'  Ramp. 


s;  T  .?•••»  >  r  • 


Latitude ; 


Longitude ; 


Sec:  49 


Site  Sketch 


n-'JS 


WELL  CONSTRUCTION  SUMMARY 


WELL  DESIGN 

BLANK  CASING 

SLOTTED  CASING 

Material: 

PVC 

Material: 

PVC 

Diameter: 

6.031"  ID  6.625"  OD 

Diameter: 

6.031"  ID  6.625" 

OD 

Depth: 

0.0'  -  8.0' 

Depth: 

8.0'  -  38.0' 

SEALS:  Type: 

Threaded 

SEALS :  Type : 

Threaded 

Filter  Material:  Pea  Gravel 

GROUT:  Type:_ 

Bentonite/Cement 

Surface  Monument:  8"x48"  Steel  pipe  with  locking  cover 
NOTES:  .020  inch  t.iots  _ _ 


SITE  DESCRIPTION 


Location :  Approximately  500  feet  northeast  of  Bldg.  1157, 

_ approximately  700  feet  southeast  of  Bldg.  1178 

along  the  south  fenceline  of  'C'  Ramp. 


Latitude: _ 

Twp : _ 19N 


Longitude ; 


Rge:  2E 


Sec:  49 
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ASSOCIATES 


WELL  CONSTRUCTION  SUMMARY 


Project : _ McChord  AFB,  IRP  Phase  II  Stage  2 

DRILLING  Sl’MMARY  I 


Well  ID:  CR03 


Total  Depth:  *^0.0' 
Borehole  Diameter  :  A8" 
ELEVATION: 

Land  Surface;  276.35 
Top  of  Casing;  279.66 
Groundwater;  264.66 


Drilling  Started;  8^/08/29 _ 

(date)  (time) 

Geologist ; _ Robert  L.  Peshkln 


Driller;  Richard  D.  Lewis 

Stang  Hydronics,  Inc. 
Sumner,  Washington 
g  'j'ypg  j  Calweld  230 

Bit(s) ; _ Bucket  Auger _ 

Drilling  Fluid  :  Water/Bentonite 
Drilling  Completed;  84/08/31 _ 


Rig  Type;_ 
Blt(s) ; 


(date) 


(time) 


Technician: 


NOTES : 


WELL  DESIGN 


BLANK  CASING 

Material: _ 

Diameter : _ 

Depth: _ 

SEALS:  Type: 


PVC _ 

6.031"  ID  6.625" 
0.0'  -  8.0' 
Threaded 


SLOTTED  CASING 

Material: 

PVC 

Diameter: 

6.031" 

ID 

6.625" 

OD 

Depth: 

8.0'  - 

38.0' 

Filter  Material:  Pea  Gravel 


SEALS:  Type:  Threaded _ 

GROUT:  Type:  Bentonite/Cement 


Surface  Monument:  8"x48"  Steel  pipe  with  locking  cover 
NOTES:  .020  inch  slots 


SITE  DESCRIPTION 

*  •  ^  I ! 


Location : 


Approximately  20'  north  of  the  intersection  of 
'A'  St.  and  6th  St.  on  the  west  side  of  'A'  St 


'■4%? 


I 

I  5" 

I 


f 

I  , 


MC  ('HORIi 


I  -  4IR  FOKCKj  B-A-SE 


.  V 

•  \  ♦ 


.-=•  r  ■ 


Latitude; 
Twp: _ 


Longitude : _ 

2E  Sec:  48 


Site  Sketch 


WELL  CONSTRUCTION  SUMMARY 


ASSOCIATES 


Proiect:  McChord  AFB,  IRP  Phase  II  Stage  2 

Well  ID:  CR04 

DRILLING  SUMMARY 

Total  Depth:  40.0' 

Driller: 

Richard  D.  Lewis 

Borehole  Diameter  :  48" 

Stang  Hydronics,  Inc. 

ELEVATION: 

Sumner,  Washington 

Land  Surface:  278.96 

Rig  Type: 

Calweld  250 

Top  of  Casing:  281.96 

Bit(s): 

Bucket  Auger 

Groundwater:  266.96 

1 

Drining  Fluid:  Water/Bentonite 

Drilling  Started:  84/10/10 

Drilling  Completed:  84/10/12 

(date) 

(time) 

(date)  (time) 

Geologist:  Robert  L.  Peshkin 

Technician: 

NOTES: 

WELL  DESIGN 

BLANK  CASING 

SLOTTED  CASING 

Material:  PVC 

Material: _ 

PVC 

Diameter:  6.031"  ID 

6.625"  OD 

Diameter : _ 

6.031"  ID  6.625"  DD 

Depth:  0.0'  -  8.0' 

Depth: 

8.0'  -  38.0' 

SEALS:  Type:  Threaded 

SEALS :  Type : 

Threaded 

Filter  Material:  Pea  Gravel 

GROUT:  Type: 

Bentonite/ Cement 

Surface  Monument:  8"x48"  Steel 

pipe  with  locking  cover 

NOTES:  .020  inch  slots 

SITE  DESCRIPTION 


Location:  On  grass  infield  at  the  intersection  of 

"C"  Ramp  and  Apron  Support  Taxiwa 


\ri  i"*  \r^v^v^  ir»  yw  v^  ^TFirrK^.v^ir"  w^.vr  w^  ¥Wir*  ir".ii^  jr«jr»jr">^.>r"  r^jir"  r*»  ’'.t 


WELL  CONSTRUCTION  SUMMARY 


Project:  McChord  AFB,  IRP  Phase  II  Stage  2 


DRILLING  SL^MMARY 


Well  ID:  r^ROl 


Total  Depth:  60.0* _ 

Borehole  Diameter  :  A8" 

ELEVATION : 

Land  Surface:  273.56 


Top  of  Casing:  275. 9A  _ 

Groundwater:  260.82 _ 

Drilling  Started-:  84/05/24 _ 

(date)  I 

Geologist : _ Robert  L.  Peshkln 


Driller:  Richard  D.  Lewis _ 

_ Stang  Hydronics,  Inc. 

Sumner,  Washington 
Rig  Type:  Calweld  250 
Bit(s):  Bucket  Auger 

Drilling  Fluid  :  Water/Bentonite 


(time) 


Drilling  Completed:  84/05/25 

(date) 

Technician: 


(time) 


NOTES: 


WELL  DESIGN 
BLANK  CASING 


Material :_ 

PVC 

Diameter :_ 

6.031"  ID 

Depth: 

0.0'  -  8.0' 

SEALS:  Type:  Threaded _  SEALS:  T; 

Filter  Material:  Pea  Gravel _  GROUT:  T; 

Surface  Monument:  8"x48"  Steel  pipe  with  locking  cover 

NOTES:  .020  inch  slots 


SLOTTED  CASING 

Material :  PVC _ 

Diameter:  6.031" _ ID  6.625" 

Depth:  _ 8.0'  -  58.0' _ 

SEALS:  Type:  Threaded _ 

GROUT:  Type :  ®®^tonite/Cement 


SITE  DESCRIPTION 


f  Porttf  Mill* 

w  r  r  H  0  R  T) 

u 

/  Carttr  Isitr 

AIR  F  0  R  L  t:  BAS 


Location:  Approximately  25'  north  of  Lincoln  Blvd.; 


approximately  100'  east  of  the  base  housing 


(west)  gate. 


'••tcott  MdU  . 


W*tfCOH  'Mill 

.  I* 

•  iu 


Latitude : 

Longitude : 

Tvp:  19N 

Rce:  21-  Sec:  SE'^  SWf  lA 

Site  Sketch 


D-29 


Total  Depth: 

60.0' 

Driller: 

Richard  D.  Lewis 

Borehole  Diameter  : 

48" 

Stang  Hydronics,  Inc. 

ELEVATION: 

Sumner,  Washington 

Land  Surface: 

284.17 

Rig  Type: 

;  Calweld  250 

Top  of  Casing: 

286.98 

Bit(s) : 

Bucket  Auger 

Groundwater : 

262.61 

Drilling 

Fluid  :  Water/Bentonite 

Drilling  Started:  84/06/18 _  Drilling  Completed:  84/06/21 _ 

(date)  (time)  (date)  (time) 

Geologist: _ Robert  L.  Peshkin _  Technician: _ 

NOTES :  _ _ 


WELL  DESIGN 

BLANK  CASING 

SLOTTED  CASING 

Material: 

Material: 

Diameter:  6.031'  lu  6.625 

OD 

Diameter:  6.031"  id  6.625" 

OD 

Depth:  0.0' -  8.0' 

Depth:  8.0'-  58.0' 

SEALS:  Type:  Threaded 

SEALS:  Type: Threaded 

Filter  Material:  Gravel 

GROUT'  'j'yp0 .  Bsntonits/CGinGnt 

Surface  Monument:  ®  Steel  pipe 

with 

locking  cover 

NOTES:  slots 

Site  Sketch 


b-30 


SITE  DESCRIPTION 


(  Port«r  HHi» 

MCCHORT) 

1-4  i 

Cartfr  j  , 

AIR  P  (I  R  t  K  BASE 


IWirttcotl  Will* 

^■j^\  ''.'■i  \S/ 

•acl  A  ■  •  ti-*  — ,  iii  .  ' 

••  ••  .  —  M'ffiri, iiAfrni'K 


Location : 


Latitude : 
Twp : _ 


Between  Fairway  1  and  Fairway  9  on  the  McChord 
Air  Force  Base  Golf  Course. 


Longitude : 


NE'^  23 


Site  Sketch 


mm 


ASSOCIATES 


WELL  CONSTRUCTION  SUMMARY 


Project:  McChord  AFB,  IRP  Phase  II  Stage  2 _  Well  ID:  DR04 


DRILLING  SUMMARY 


Total  Depth: 

60.0' 

Driller: 

Richard  D.  Lewis 

Borehole  Diameter : 

48" 

Stang  Hydronics,  Inc. 

ELEVATION: 

Sumner,  Washington 

Land  Surface: 

300.94 

Rig  Type: 

Calweld  250 

Top  of  Casing: 

304.07 

Bit(s): 

Bucket  Auger 

Groundwater: 

271.17 

Drilling  Fluid:  Water/Benconite 

Drilling  Started: 

84/06/25 

Drilling  Completed:  84/06/27 

(date) 

(time) 

(date)  (time) 

Geologist:  Robert 

L.  Peshkin 

Technician; 

NOTES : 


_ WELL  DESIGN _ j 

BLANK  CASING  SLOTTED  CASING 

Material:  PVC  _  Material;  _ 

Diameter;  6.031"  ip  6.625"  pp  Diameter;  6.031"  ID  6.625" 

Depth: _ 0. 0'  -  18.0 _  Depth: _ 18.0  -  58.0 _ 

SEALS:  Type:  Threaded _  SEALS:  Type :  Threaded _ 

Filter  Material:  Pea  Gravel _  GROUT:  Type:^^^^°^Tte/Cement _ 

Surface  Monument:  8"x48"  Steel  pipe  with  locking  cover _ 

NOTES;  -020  inch  slots _ _  _ _ _ 


SITE  DESCRIPTION 


Location: 


Latitude : 
Twp: _ 


Approximately  400  feet  south  of  Lincoln  Bivd. 
on  the  east  side  of  South  Gate  Rd.  at  the 
corner  of  the  fence  around  the  communications 
compound . 


Longitude 


19N 


Rge:_ 


2E 


Sec : 


SE'4NW':.24 


Site  Sketch 


rjwVWV^VWVW  V> 


Site  Sketch 


Boring 

Log  Casing  Specific  Conductance  (-mhos/cm) 


-3-  —  X 


Median  pH  ■  8.20 


WELL  I.D.  AZOl  CASING  ELEVATION  296.8 


GROUNDWATER 

MEAN  SPECIFIC 

DATE 

ELEVATION 

CONDUCTANCE 

83/03/25 

266.8 

166 

83/07/05 

264.8 

156 

83/07/21 

264.2 

78 

83/07/26 

265.0 

74 

83/08/03 

263.8 

132 

83/08/09 

262.9 

171 

83/08/24 

256.9 

250 

83/10/07 

267.5 

142 

X 

264.0 

146 

WELL  AZOl  IN  SITU  MONITORING  DATA  SUMMARIES 
WITH  OBSERVED  RANGE  IN  WATER  TABLE  ELEVATIONS,  MEDIAN  pH, 
AND  MAXIMUM  AND  MINIMUM  SPECIFIC  CONDUCTANCE  AND  TEMPERATURES 

E-1 


WELL  I,D.  AZ02  CASING  ELEVATION  308.  i 


GROUNDWATER 

MEAN  SPECIFIC 

DATE 

ELEVATION 

CONDUCTANCE 

83/03/24 

266.0 

71 

83/07/05 

264.3 

81 

83/07/21 

260.2 

87 

83/07/26 

261.2 

80 

83/08/03 

260.5 

121 

83/08/09 

260.3 

110 

83/08/23 

257.7 

106 

83/10/07 

260.8 

120 

83/10/26 

262.9 

149 

83/11/04 

259.6 

157 

X 

261.4 

108 

WELL  AZ02  SITU  MONITORING  DATA  SUMMARIES 
WITH  OBSERVED  RANGE  IN  WATER  TABLE  ELEVATIONS,  MEDIAN  pH, 
AND  MAXIMUM  AND  MINIMUM  SPECIFIC  CONDUCTANCE  AND  TEMPERATURES 


-Og 


■-asing  speciric  Conduccance  ',_ainos/cm; 


Median  pH  »  3.25 


WELL  I.D.  AZOA  CASING  ELEVATION  297.5 


GROUNDWATER 

MEAN  SPECIFIC 

DATE 

ELEVATION 

CONDUCTANCE 

83/10/07 

261.0 

600 

83/11/OA 

261.2 

541 

83/11/21 

262.2 

571 

83/11/30 

262.7 

576 

X 

261.8 

572 

WELL  AZOA  m  SITU  MONITORING  DATA  SUMMARIES 
WITH  OBSERVED  RANGE  IN  WATER  TABLE  ELEVATIONS,  MEDIAN  pH, 
AND  MAXIMUM  AND  MINIMUM  SPECIFIC  CONDUCTANCE  AND  TEMPERATURES 


C(  •  o  ^ 


Casin?  :oecific  lonauctance  » -mhos ; cm) 


(11/20/83) 


-1 


Ai,  '0/3]|i 

y 


lledian  =  -J.l' 


WELL  I.D.  AZ06 


CASING  ELEVATION  292.4 


83/11/20 

83/11/30 


GROUNDWATER 

ELEVATION 

267.6 

268.2 


MEAN  SPECIFIC 
CONDUCTANCE 


267.9 


WELL  AZ06  ^  SITU  MONITORING  DATA  SUMMARIES 
WITH  OBSERVED  RANGE  IN  WATER  TABLE  ELEVATIONS,  MEDIAN  pH, 
AND  MAXIMUM  AND  MINIMUM  SPECIFIC  CONDUCTANCE  AND  TEMPERATURES 


Boring 

Elev.  Log  Casing  Specific  Conductance  i'_7ihos/cm)  Temp.  '  ' 


Median  pH  -  8.40 

WELL  I.D.  BZOl  CASING  ELEVATION  278.4 


DATE 

GROUNDWATER 

ELEVATION 

MEAN  SPECIFIC 
CONDUCTANCE 

83/03/23 

258.4 

145 

33/07/05 

255.9 

143 

83/07/21 

254.6 

146 

83/07/26 

255.6 

137 

83/08/03 

255.1 

165 

83/08/09 

253.1 

171 

83/08/23 

252.6 

158 

83/10/07 

254.6 

185 

83/11/04 

253.6 

188 

83/11/20 

254.6 

188 

X 

254.8 

163 

WELLBZOl  IN  SITU  MONITORING  DATA  SUMMARIES 
WITH  OBSERVED  RANGE  IN  WATER  TABLE  ELEVATIONS,  MEDIAN  pH, 
AND  MAXIMUM  AND  MINIMUM  SPECIFIC  CONDUCTANCE  AND  TEMPEIUTURES 


Casing 


Specific  Conductance  i'_T.nos/cnii 


Median  pH  ■  11.15 


WELL  I.D. 

BZ02  CASING 

ELEVATION  277.6 

GROUNDWATER 

MEAN  SPECIFIC 

DATE 

ELEVATION 

CONDUCTANCE 

83/03/23 

251.3 

152 

83/07/05 

258.6 

177 

83/07/21 

258.3 

177 

83/07/26 

258.4 

161 

83/08/03 

252.6 

181 

83/08/09 

257.6 

172 

83/08/23 

256.4 

170 

83/10/07 

257.6 

205 

83/11/OA 

257.6 

202 

83/11/20 

259.3 

199 

X 

256.8 

120 

WELL  BZ02  IN  SITU  MONITORING  DATA  SUMMARIES 
WITH  OBSERVED  RANGE  IN  WATER  TABLE  ELEVATIONS,  MEDIAN  pH, 
AND  MAXIMUM  AND  MINIMUM  SPECIFIC  CONDUCTANCE  AND  TEMPERATURES 


Specific  Conductance  :',tihos/cm) 


Temo 


Soring 
Elev.  Log 


oasing 


Median  pH  ■  6.35 


WELL  I.D.  BZ03  CASING  ELEVATION  275.5 


DATE 

GROUNDWATER 

ELEVATION 

MEAN  SPECIFIC 
CONDUCTANCE 

83/03/23 

265.8 

120 

33/07/05 

264.5 

122 

83/07/21 

262.5 

121 

83/07/26 

263.2 

155 

83/08/03 

263.0 

165 

83/08/09 

262.9 

154 

83/08/23 

262.3 

142 

83/10/07 

262.3 

164 

83/10/21 

262.2 

170 

83/10/26 

262.3 

205 

83/11/04 

263.6 

160 

83/11/20 

265.6 

162 

X 

263.4 

153 

WELL  BZ03  ^  SITO  MONITORING  DATA  SUMMARIES 
WITH  OBSERVED  RANGE  IN  WATER  TABLE  ELEVATIONS,  MEDIAN  pH, 
AND  MAXIMUM  AND  MINIMUM  SPECIFIC  CONDUCTANCE  AND  TEMPERATURES 

E-8 


tl 


Boring 

Elev.  Log  Casing  Specific  Conductance  C-mhos/cm) 


Temp.  ^’C) 


WELL  I.D.  BZ05  CASING  ELEVATION  284.1 


GROUNDWATER 

MEAN  SPECIFIC 

9 

DATE 

ELEVATION 

CONDUCTANCE 

83/03/24 

268.1 

144 

83/07/07 

266.7 

127 

83/07/21 

266.7 

161 

83/08/03 

271.8 

172 

83/08/09 

271.7 

164 

ry 

83/08/24 

266.4 

147 

V* 

X 

268.6 

153 

•*  • 

WELL  BZ05  O  SITU  MONITORING  DATA  SUMMARIES 
WITH  OBSERVED  RANGE  IN  WATER  TABLE  ELEVATIONS,  MEDIAN  pll, 
AND  MAXIMUM  AND  MINIMUM  SPECIFIC  CONDUCTANCE  AND  TEMPERATURES 


Casing;  3p*clflc  Conductance  ii^mhos/cn) 

girt  O  to 

r-  rt  rti 

BAO- 


bl  107  Idj 


I 


Temp.  i'C) 

»  O  —  N 

I  I  I  I 


'JILL  [.D.  >A01 


CASING  ELEVATION  TTS.Oft 


Median  pH  •  7.70 


.  7/83  II 3/83 


7/83 


3/83 


PAH 

groundwater 

ELEVATION 

MEAN  SPECIrl 
CONDUCTANCE 

83/03/25 

83/0?'O5 

113.2 

i  2  ! .  S 

.;L 

. .  i . 

J3/0;/27 

J  Si .  •‘‘i 

.■^1.  i 

83/08/03 

252.06 

167.9 

83/08/09 

249.63 

150.6 

83/08/24 

83/11/20 

252. ?8 

135 

T 

145.4 

WELL  I.O. 

BA02  CASING 

ELEVATION  2:3.06 

GROUNDWATER 

ME.\N  SPECIrl 

DATE 

ELEVATION 

CONDUCTANCE 

83/03/25 

256.48 

125. 5 

83/07/05 

255.06 

112 

83/07/21 

254,15 

US.  5 

33/07/27 

254.39 

137.1 

83/08/03 

253.81 

151.5 

83/08/09 

151.5 

33/08/24 

252.15 

U2.6 

83/11/20 

255.40 

214.3 

7 

165.9 

7/83 


Median  pH  •  9. 10 


WELL  [.D.  BAG 3  CASING  zl.F.V\rn'i 


7/83 


■;ruUndw.ue:{ 

'■E.vN  pr-c: 

PA  IE 

ELEVATION 

33/03/25 

256.43 

117.9 

33/07/05 

253.40 

123 

33/07/21 

253.43 

123.  1 

33/07/27 

254.48 

161.2 

83/08/03 

253.06 

164.3 

83/08/09 

251.31 

152.  3 

33/08/24 

251.23 

134 

7 

139.4 

WELL  BAOX  IN  SITU  MONITORING  DATA  SUMMARIES 
WITH  OBSERVED  RANGE  IN  WATER  TABLE  ELEVATIONS,  MEDIAN  pH, 
AND  MAXIMUM  AND  MINIMUM  SPECIFIC  CONDUCTANCE  AND  TEMPERATURES 


UL'J  -HI  I",  'll  .  U  Ji,  I.  [ 


B 


Median  pH  ■  8.20 

WELL  I.D.  CZOl  CASING  ELEVATION  288.3 


GROUNDWATER 

MEAN  SPECIFIC 

fi 

DATE 

ELEVATION 

CONDUCTANCE 

33/03/23 

275.7 

197 

83/07/05 

263.1 

212 

83/07/21 

261.5 

205 

83/07/26 

262.8 

196 

83/08/03 

261.9 

248 

83/08/09 

261.5 

224 

83/08/23 

264.5 

285 

83/10/07 

262.1 

411 

83/10/13 

261.8 

538 

83/10/17 

262.3 

488 

83/10/21 

261.8 

426 

83/10/26 

263.5 

463 

83/11/20 

265.0 

404 

:•> 

83/11/30 

263.4 

417 

X 

263.6 

337 

■ 

WELL CZOl 

IN  SITU  MONITORING 

DATA  SUMMARIES 

•  , 

WITH  OBSERVED  RANGE  IN  WATER  TABLE  ELEVATIONS,  MEDIAN  pH,  f-j 

AND  MAXIMUM  AND  MINIMUM  SPECIFIC  CONDUCTANCE  AND  TEMPERATURES 

E-12 

N 

,v 


CaS in§ 


Specific  Conductance  -mhos/cm) 


-og 


Tetip . 


WELL  I.D. 

CZ03  CASING 

ELEVATION  279.1 

GROUNDWATER 

MEAN  SPECIFIC 

DATE 

ELEVATION 

CONDUCTANCE 

83/03/24 

264.7 

197 

83/07/05 

261.7 

176 

83/07/21 

262.6 

174 

83/07/26 

262.1 

162 

83/08/03 

262.2 

191 

83/08/09 

262.0 

184 

83/08/23 

261.1 

196 

83/10/04 

260.4 

227 

y 

262.1 

188 

WELL  CZ03  ^  SITU  MONITORING  DATA  SUMMARIES 
WITH  OBSERVED  RANGE  IN  WATER  TABLE  ELEVATIONS,  MEDIAN  pH, 
AND  MAXIMUM  AND  MINIMUM  SPECIFIC  CONDUCTANCE  AND  TEMPERATURES 

E-13 


Boring 
Elev.  Log 


290 


275  _ 


250 


200  _ 


Casing  Specific  Conductance  ''-mhos /cti) 


o 


JN 


\ 


(7/83) 


(10/83) 


Median  pH  ■  8.20 


WELL  I.D.  CZ04  CASING  ELEVATION  296.2 


GROUNDWATER 

MEAN  SPECIFIC 

DATE 

ELEVATION 

CONDUCTANCE 

83/03/24 

271.2 

125 

83/07/05 

271.8 

135 

83/07/21 

269.6 

131 

83/07/26 

269.4 

120 

83/08/03 

269.9 

173 

83/08/09 

269.4 

160 

83/08/23 

269.2 

146 

83/10/07 

269.2 

179 

83/10/17 

268.8 

222 

83/10/21 

268.4 

180 

83/10/26 

268.9 

213 

83/11/04 

269.3 

181 

83/11/20 

270.2 

202 

8-3/11/30 

271.2 

194 

X 

269.8 

169 

t  * 

•  f 


(8/83) 


WELLCZ04  IN  SITU  MONITORING  DATA  SUMMARIES 


i: 


0\ 


5 


K' 


(3/83) 


fy. 


■ 

i 


f 

&: 


V 

>; 


i 


d  ‘ 


WITH  OBSERVED  RANGE  IN  WATER  TABLE  ELEVATIONS,  MEDIAN  pH, 
AND  MAXIMUM  AND  MINIMUM  SPECIFIC  CONDUCTANCE  AND  TEMPERATURES 

E-14 


■■'vj  v: 
O  o  ^ 


Median  pH 


iPeciric  .onauctanca  '  .mnos.ani* 


ri  -'j 


8.30 


WELL  I.D.  C'Z05  CASING  ELEVATION  283.3 


DATE 

GROUNDWATER 

ELEVATION 

MEAN  SPECIFIC 
CONDUCTANCE 

83/10/07 

265.6 

199 

83/10/13 

265.3 

281 

83/10/17 

265.1 

248 

83/10/21 

265.6 

210 

83/10/26 

265.6 

240 

X 

265.4 

236 

WELLCZ05  ^  SITU  MONITORING  DATA  SUMMARIES 
WITH  OBSERVED  RANGE  IN  WATER  TABLE  ELEVATIONS,  MEDIAN  pH, 
AND  MAXIMUM  AND  MINIMUM  SPECIFIC  CONDUCTANCE  AND  TEMPERATURES 


I  U  I  ■  I  I  I  i 


iS 

m 


Boring 
Elev.  Log 

290 

275 

250 

225 

200 

175 

150 

125 

100 

75 


V 


Casinr  Specific  Conductance  Temp. 


1  CQ, 


CAO-  § 

jaiiasTOsiaj]  i 

'  I 


■/C) 

o  - 


-  ^ 

I  I  I  I 


I  I 


8/83 


3/83 


J|/n» 


3/R} 


1UI3 


\ 


1  P«  ♦  7, 1  a 


8/83 


3/83 


]^a]  [  nrjjV 

^dL«l  uK  *  7hAE 


4 


8/831J  3/83 


1 

IfiJ  f 

•  983  1 

8/83  II 

3/83 


WEU  :.D.  :aoi 


cash; 


DATE 


GROL’NDWAIES 

ELEVATION 


MEAN  STEc:?; 
CONTIl'CTANCE 


83/03/24 

83/07/05 

83/07/21 

83/07/27 

83/08/03 

83/08/09 

93/08/24 

93/11/20 


260.65 

260.15 
257.07 

259.15 
256.74 

256.15 

260. 15 
261.96 


91.9 

194.6 

185.4 

222.1 

255.2 

197.3 
21' 


196.4 


Median  pH  •  7.55 


X 


■ 


7. 


I-: 


WELL  I.D. 

CA02  CASING 

C-! 

ELEVATION  295.:' 

GROUNDWATER 

ME.\.N  iFs:::;- 

DATE 

ELEVATION 

CONDL'CT.CNCE 

83/03/24 

262.49 

108.7 

83/07/05 

260.15 

160 

83/07/21 

257.65 

185 

83/07/27 

258.49 

224 

83/08/03 

261.40 

239.7  V 

83/08/09 

256.32 

193.8 

83/08/24 

261.24 

180 

X 

183  ,  • 

IBi 

WELL  I.D. 

■ 

CA03  aSING  ELEVATION  295.15 

GROUNDWATER 

NEA.N  SPECIFIC  . 

DATE 

ELEVATION 

CONDUCTANCE  . 

83/03/24 

263.15 

122.6 

83/07/05 

260.15 

286.7 

83/07/21 

258. S7 

198.9 

83/07/27 

259.24 

196.:  ^ 

83/08/03 

257.65 

241.3  ■ 

83/08/09 

257.57 

213.3  T 

83/08/24 

256.98 

:i7.9 

83/10/26 

.... 

83/11/20 

260. 7; 

rs-? 

; 

X 

236.7 

WELL  I.D. 

CA04  CASING 

ELEVATION  295.15  ^ 

GROUm}WATER 

MEAN  SPECIFIC  *.• 

DATE 

ELEVATION 

CON'DLXTANCE 

83/03/2i 

265.15 

105 

83/07/05 

264.65 

186.9  •.*. 

83/07/21 

261.49 

199.1  %• 

83/07/27 

262.40 

203.3  v; 

83/08/03 

261.57 

264.2 

83/08/09 

261.49 

246.3 

83/08/24 

271.15 

245.6  . 

83/11/20 

264.32 

279.0 

( 

216,2  > 

WELL  CAOX  ^  SITU  MONITORING  DATA  SUMMARIES 
WITH  OBSERVED  RANGE  IN  WATER  TABLE  ELEVATIONS,  MEDIAN  pH, 
AND  MAXIMUM  AND  MINIMUM  SPECIFIC  CONDUCTANCE  AND  TEMPERATURES 
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Log 


Casing 


Speciric  Conductance  („rahos/cm') 


(3/83) 


Median  pH  ■  7.30 


WELL  I.D.  DZOL  CASING  ELEVATION  288.2 


DATE 

GROUNDWATER 

ELEVATION 

MEAN  SPECIFIC 
CONDUCTANCE 

83/03/25 

257.7 

120 

83/07/07 

264.2 

117 

83/07/21 

262.1 

122 

83/07/26 

262.1 

110 

33/08/03 

262.1 

167 

83/08/09 

262.0 

156 

33/08/23 

260.7 

140 

83/10/07 

260.6 

172 

83/11/21 

26'. 6 

171 

X 

261.5 

142 

WELL  DZOl  IN  SITU  MONITORING  DATA  SUMMARIES 
WITH  OBSERVED  RANGE  IN  WATER  TABLE  ELEVATIONS,  MEDIAN  pH, 
AND  MAXIMUM  AND  MINIMUM  SPECIFIC  CONDUCTANCE  AND  TEMPERtVTURES 

E-17 


B-uwvirwwTiwTairiiwr"  wj-wr^r  V  w^jTf*  ^w7\W^W7t^r\rJ 


£ 

■ 


WELL  I.D.  DZ02  CASING  ELEVATION  278.0 


GROUNDWATER 

MEAN  SPECIFIC 

DATE 

ELEVATION 

CONDUCTANCE 

I*, 

83/03/25 

267.1 

153 

*/ 

83/07/07 

262.0 

182 

83/07/21 

261.6 

162 

m 

83/07/26 

260.6 

145 

33/08/03 

261.3 

193 

83/08/09 

261.0 

180 

83/08/23 

261.7 

161 

83/10/07 

259.7 

195 

83/11/21 

260.8 

215 

X 

261.8 

176 

.V 

.V 


WELL  DZ02  O  SITU  MONITORING  DATA  SUMMARIES 
WITH  OBSERVED  RANGE  IN  WATER  TABLE  ELEVATIONS,  MEDIAN  pH, 
AND  MAXIMUM  AND  MINIMUM  SPECIFIC  CONDUCTANCE  AND  TEMPERATURES 

E-18 


Casing  Specific  Conductance  (umhos/cm) 


M  !M 


Median  pH  -  6.45 


WELL  I.D.  DZ03  CASING  ELEVATION  271,3 


DATE 

GROUNDWATER 

ELEVATION 

MEAN  SPECIFIC 
CONDUCTANCE 

83/10/07 

257.5 

180 

83/10/26 

257.3 

220 

83/11/20 

258.5 

186 

X 

257.8 

195 

(10/8 


WELL  DZ03  ^  SITU  MONITORING  DATA  SUMMARIES 
WITH  OBSERVED  RANGE  IN  WATER  TABLE  ELEVATIONS,  MEDIAN  pH, 
AND  MAXIMUM  AND  MINIMUM  SPECIFIC  CONDUCTANCE  AND  TEMPERATURES 


Boring 
Elev.  Log 


Casing  Specific  Conductance  i'^aihos/cm) 


7  emn  .  °  c '' 


270 


M 

CN 


in 


250 


225 


¥ 

J. 


(11/83) 


n 


(10/83) 


210 


Median  pH  ■  6.40 


(10/7/83) 


WELL  I.D.  DZ06  CASING  ELEVATION  275.4 


DATE 


GROUNDWATER  mean  SPECIFIC 
ELEVATION  CONDUCTANCE 


83/10/07  258 
83/10/17  258 
83/10/26  258 
83/11/04  258 
83/11/20  259 


.3 

201 

.2 

243 

.1 

241 

.2 

197 

.2 

199 

X  258.4  216 


WELL  DZ06  IN  SITU  MONITORING  DATA  SUMMARIES 
WITH  OBSERVED  RANGE  IN  WATER  TABLE  ELEVATIONS,  MEDIAN  pH, 
AND  MAXIMUM  AND  MINIMUM  SPECIFIC  CONDUCTANCE  AND  TEMPERATURES 

E-20 


Boring 
:iev.  Log 


Lasing  Specif ic  Conduc nance  ‘-mhos/cn; 


:nc  .  '  '  c 


'zy'p"p 

•  0 

•  *.01 

rt 


(10/7/83r 


(10/17/83) 


(10/83) 


Median  pH  ■  6.30 


WELL  I.D.  DZ07  CASING  ELEVATION  267.0 

GROUNDWATER  MEAN  SPECIFIC 
DATE  ELEVATION  CONDUCTANCE 

83/10/07  250.6  211 

83/10/17  250.7  256 

83/11/20  251.6  231 

X  251.0  233 


WELLDZ07  IN  SITU  MONITORING  DATA  SUMMARIES 
WITH  OBSERVED  RANGE  IN  WATER  TABLE  ELEVATIONS,  MEDIAN  pH, 
AND  MAXIMUM  AND  MINIMUM  SPECIFIC  CONDUCTANCE  AND  TEMPERATURES 

E-21 


Median  pH  *  6.5 


WELL  I.D.  EZOI  CASING  ELEVATION  310.0 

— — 


GROUNDWATER 

MEAN  SPECIFIC 

DATE 

ELEVATION 

CONDUCTANCE 

m 

83/03/23 

280.3 

102 

5 

83/07/03 

277.3 

95 

83/07/13 

278.5 

88 

V 

V 

83/07/21 

277.8 

89 

83/07/26 

277.8 

91 

83/08/03 

277.6 

139 

83/08/09 

277.5 

132 

83/08/23 

275.1 

121 

83/10/03 

276.0 

175 

83/10/13 

275.8 

210 

83/10/17 

275.8 

193 

83/10/21 

275.3 

165 

83/10/26 

276.1 

196 

83/11/04 

276.3 

160 

*■ 

83/11/30 

277.3 

163 

"  m 

X 

277.3 

141 

■ 

WELL  EZOI  IN 

SITU  MONITORING 

DATA  SUMMARIES 

WITH  OBSERVED  RANGE 

IN  WATER  TABLE 

ELEVATIONS,  MEDIAN  pH, 

AND  MAXT-  "M  AND  MINIMUM  SPECIFIC  CONDUCTANCE  AND  TEMPERATURES 

E-22 

Casing  Specific  Conductance  .nhos/cm) 


^  o 

—  ^J 


(7/83) 


Median  pH 


(10/83 


(10/83) 


WELL  I.D.  EZ02  CASING  ELEVATION  314,8 


DATE 

GROUNDWATER 

ELEVATION 

MEAN  SPECIFIC 
CONDUCTANCE 

83/03/23 

290.0 

89 

83/07/05 

285.3 

90 

83/07/13 

285.5 

86 

83/07/21 

284.8 

93 

83/07/26 

284.9 

87 

83/08/03 

284.5 

128 

83/08/09 

284.1 

120 

83/08/23 

283.4 

115 

33/10/03 

282.6 

152 

33/10/13 

282.6 

184 

83/10/17 

282.6 

165 

83/10/21 

282.5 

137 

83/10/26 

281.6 

169 

83/11/21 

283.1 

145 

X 

00 

CM 

126 

WELL  EZ02  ^  SITU  MONITORING  DATA  SUMMARIES 
WITH  OBSERVED  RANGE  IN  WATER  TABLE  ELEVATIONS,  MEDIAN  pH, 
AND  MAXIMUM  AND  MINIMUM  SPECIFIC  CONDUCTANCE  AND  TEMPERATURES 

E-23 


Boring 
Elev.  Log 


Casing  Specific  Conductance  L mhos /cm) 


.  emo . 


Median  pH  ■  6.50 


X 


^■10/83) 

i 


(8/83) 


(3/83 


WELL  I.D. 

EZ04  1 

CASING  ELEVATION* 

GROUNDWATER 

MEAN  SPECIFIC 

DATE 

ELEVATION* 

CONDUCTANCE 

83/03/23 

(20.5') 

89 

83/07/05 

(26.3') 

90 

83/07/13 

(24.8') 

85 

83/07/21 

(25.7') 

94 

83/07/26 

(25.4') 

87 

83/08/03 

(25.8') 

129 

83/08/09 

(26.8') 

119 

83/08/23 

(27.5’) 

109 

83/10/03 

(28.2') 

154 

83/10/13 

(28.2') 

176 

83/10/17 

(28.2') 

168 

83/10/21 

(28.3') 

137 

83/11/21 

(27.3') 

156 

X 

(26.4’) 

122.5 

*This  well  has  been  abandoned.  Casing 
elevations  are  not  available  and  the 
data  presented  is  not  to  be  used. 


WELL  EZOA  IN  SITU  MONITORING  DATA  SUMMARIES 
WITH  OBSERVED  RANGE  IN  WATER  TABLE  ELEVATIONS,  MEDIAN  pH, 
AND  MAXIMUM  AND  MINIMUM  SPECIFIC  CONDUCTANCE  AND  TEMPERATURES 

E-24 


Elev . 


;oec ir 


onauccanca 


_.T.nas /  ) 


Soring 

log  lasing 


X 


;8/83) 


Median  pH  -  6.50 


WELL  I.D, 

EZ05  CASING 

ELEVATION  305.0 

GROUNDWATER 

MEAN  SPECIFIC 

DATE 

ELEVATION 

CONDUCTANCE 

33/03/23 

83/07/05 

281.7 

39 

83/07/13 

281.8 

81 

83/07/21 

280.7 

91 

83/07/26 

281.2 

86 

83/08/03 

280.8 

127 

83/08/09 

280.6 

117 

83/08/23 

279.8 

113 

83/10/03 

278.9 

155 

83/10/13 

278.5 

175 

83/10/17 

278.4 

163 

83/10/26 

278.5 

175 

X 

280. 1 

125 

WELL  EZ05  SITU  MONITORING  DATA  SUMMARIES 
WITH  OBSERVED  RANGE  IN  WATER  TABLE  ELEVATIONS,  MEDIAN  pH, 
AND  MAXIMUM  AND  MINIMUM  SPECIFIC  CONDUCTANCE  AND  TEMPERATURES 

E-25 


Boring 

Casing  Specific  Conduccance  '-mhos/cm) 


r  enn  .  r  ’  c ') 


Median  pH  ■  7.60 


WELL  I.D.  FZQl  CASING  ELEVATION  288.9 


GROUNDWATER 

MEAN  SPECIFIC 

DATE 

ELEVATION 

CONDUCTANCE 

83/03/23 

275.9 

158 

83/07/07 

273.9 

116 

83/07/13 

275.2 

148 

83/07/21 

274.4 

157 

83/08/03 

274.8 

189 

83/08/09 

274.7 

179 

83/08/23 

274.5 

183 

83/10/07 

274.2 

222 

83/10/26 

274.0 

272 

83/11/04 

274.4 

216 

83/11/20 

275.2 

224 

X 

274.7 

188 

WELLFZOl  IN  SITU  MONITORING  DATA  SUMMARIES 
WITH  OBSERVED  RANGE  IN  WATER  TABLE  ELEVATIONS,  MEDIAN  pK, 
AND  MAXIMUM  AND  MINIMUM  SPECIFIC  CONDUCTANCE  AND  TEMPERATURES 

E-26 


Casing  Specific  Conduccance  t-rahos/cn) 


Log 


Median  pH  ■  7.20 


WELL  I.D.  HZOI  CASING  ELEVATION  275.2 


GROUNDWATER 

MEAN  SPECIFIC 

DATE 

ELEVATION 

CONDUCTANCE 

83/11/04 

258.2 

210 

83/11/20 

260.2 

197 

X 

259.2 

204 

WELLHZOl  IN  SITU  MONITORING  DATA  SUMMARIES 
WITH  OBSERVED  RANGE  IN  WATER  TABLE  ELEVATIONS,  MEDIAN  pH, 
AND  MAXIMUM  AND  MINIMUM  SPECIFIC  CONDUCTANCE  AND  TEMPERATURES 


Elev. 


Boring 

Log 


osing  jpeciiio  ,onauc:ance  ..nnos/cri' 


295 


-I  Ml 


275 


250 


225 


=  (11/ 33) 


;  10/33) 


1 

— 

(*.*•>* 

L*»  • 

zn 

it**  “1 

'3a  0 

— 

Median  pH  ■  6.65 


WELL  I.D.  JZOl  CASING  ELEVATION  297.6 


GROUNDWATER 

MEAN  SPECIFIC 

DATE 

ELEVATION 

CONDUCTANCE 

83/10/03 

271.7 

207 

83/10/13 

271.0 

247 

83/10/17 

271.0 

227 

83/10/21 

271.1 

192 

83/10/26 

271.2 

227 

83/11/04 

271.1 

88 

83/11/20 

272.6 

81 

X 

271.4 

181 

WELL  JZOl  IN  SITU  MONITORING  DATA  SUMMARIES 
WITH  SERVED  RANGE  IN  WATER  TABLE  ELEVATIONS,  MEDIAN  pH, 
AND  MAXIMUM  AND  MINIMUM  SPECIFIC  CONDUCTANCE  AND  TEMPERATURES 

E-28 


APPENDIX  F 
CHEMISTRY  DATA 


F-1:  Groundwater  Monitoring  Results 

F-2:  QA/QC  Summary,  Volatile  Organic  Chemicals 

F-3:  QA/QC  Summary,  Base  Neutral  Organic  Compounds 

F-4:  QA/QC  Summary,  Pesticides /PCB  Organic  Compounds 


Appendix  F-1 
Groundwater  Monitoring  Results 


(Summary  of  USAF  and  IRP  Arfalytical  Data  by  Production 
or  Monitoring  Well) 


NOTE:  Shaded  areas  indicate  pollutant  groups  -were  not 
analyzed.  The  reported  average  concentration  is  equal  to 
the  sum  of  measured  concentrations  divided  by  the  total 
number  ("N")  of  samples  analyzed.  The  small  "n"  repre¬ 
sents  the  number  of  times  any  individual  parameter  was 
detected  in  the  total  number  ("N")  of  samples  analyzed. 


McCHORD  AIR  FORCE  BASE  GROUNDWATER  MONITORING  DATA 
(Source:  Base  Bloenvironmental  Engineer's  File  Data) 


McCHORD  AIR  FORCE  BASE  GROUNDWATER  MONITORING  DATA 
Source:  Base  Bloenvlronnental  Engineer's  File  Data) 
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F-10 


Merals  I  j  Pesdcidtfs  tng/l)  |  |  Base  Neufrala  |  |  |  |  VoloHles 


irtonuiitWMiKiwv. 


Compound  Class  and  Nam* 
(uo/t  unl«ss  not«d) 


Avtrag*  ^ 
oncentration  _ 


-jmpIaElev 

'  260-178  258  I  256  I  lib  | 

Sampit  Data:  I  I 

Ql/03/83  1  ll/2:/83  !  01/01/84  '  01/01/8^  . 
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Metals  I  I  Peslicides  (ng/lt  |  |  Base  Neutrals  |  |  oiheri  |  |  Volofiles 


N  ickel 

SeleniunT 

Silver 
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F-31 
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F-34 


*Susp€Cted  saapilng  error  by  EPA  concraccor  nay  have  introduced 
F*35  acetone.  Single  sample  result  not  averaged  across  multiple  events. 


Metals  I  I  Peslicities  (ny/U  I  I  Base  Neutrals  I  I  I  I  Volatiles 


*Su«pccc«<l  sampling  error  by  EPA  contractor  may  have  Introduced 
acetont.  Single  sample  result  not  averaged  across  multiple  events. 
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Appendix  F-2 

QA/QC  Summary,  Volatile  Organic  Chemicals 


Table  F.2.1 


ANALYTICAL  DETECTION  LIMITS:  VOLATILE  ORGANIC  CHEMICALS 

Detection  Limit 
Compound  _ ag/l _ 


Acetone  10 
Benzene  3 
Broraodichloromethane  5 
Bromufonn  5 
Bromomethane  10 
2-Butanone  10 
(]arbon  Disulfide  5 
Chlorobenzene  5 
Chloroethane  10 
Chloroform  5 
2-Chloroethylvlnylether  10 
Dlbromochloromethane  5 

1 . 1- Dlchloroethane  5 

1 .2- Dlchloroethane  5 

1 . 1- Dlchloroethylene  5 
Trans-1 ,2-Dlchloroethylene  5 

1 .2- Dlchloropropane  5 
Cls-1 ,3-Dichloropropene  5 
Trans-l ,3-Dlchloropropene  5 
Ethylbenzene  5 
2-Hexanone  10 
Methylene  Chloride  5 
4-Methyl-2-Pentanone  10 
Naphthalene  5 
Styrene  5 

1 . 1 .2.2- Tetrachloroethane  5 
Tetrachloroethylene  5 
Carbon  Tetrachloride  5 

1 . 1 . 1- TrlchloroeChane  5 

1 . 1 .2- Trlchloroethane  5 
Trichloroethylene  5 
Trichlorof luoromethane  5 
Toluene  5 
Vinyl  Acetate  10 
Vinyl  Chloride  10 
ra,p-Xylene  5 
o-Xylene  5 


SUMMARY  OF  VOLATILE  ORGANIC  CHEMICAL  METHOD  BLANK  ANALYSES 
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Table  F.2.3 


PERCENT  RECOVERY  OF  SURROGATE  STANDARDS  IN  VOLATILE  ORGANIC  SAMPLES 

(Analysis  Date:  11/11/83) 


Surrogates 


Well  ID 


Sampling 

Date 


Benzene 


D-4 

1 ,2-Dlchloro- 
ethane 


Toluene 


D-10 

Ethyl¬ 

benzene 


D-4 

1 ,2-Dichloro¬ 
benzene 


AZOl 

10/06/83 

330 

AZ03 

10/06/83 

82 

AZ05 

10/05/83 

85 

AZ06 

10/06/83 

CZOl 

10/05/83 

61 

DZ03 

10/05/83 

78 

(013.5') 

DZ03 

(048.5' 

) 

10/05/83 

45 

DZ06 

10/05/83 

68 

(018.5') 

DZ06 

(043.5' 

') 

10/05/83 

94 

DZ07 

(015.5' 

') 

10/05/83 

DZ07 

(037') 

10/05/83 

66 

EZOl 

10/06/83 

90 

EZ02 

10/06/83 

84 

EZ04 

10/06/83 

94 

JZOl 

10/05/83 

79 

13 

26 

330 

34 

99 

110 

66 

84 

21 

669 

47 

14 

65 

180 

235 

214 

79 

127 

27 

88 

281 

144 

208 

80 

308 

23 

104 

294 

16 

6 

390 

25 

Table  F.2.4 

PERCENT  RECOVERY  OF  SURROGATE  STANDARDS  IN  VOLATILE  ORGANIC  SAMPLES 

(Analysis  Date:  12/01/83) 


Surrogates 


Well  ID 

Sampling 

Date 

D-6  d-4 

1 ,2-Dichloro- 
Benzene  ethane 

D-8 

Toluene 

D-10 

Ethyl¬ 

benzene 

Blank 

79 

97 

AZOl 

11/22/83 

59 

160 

BZ03 

11/21/83 

75 

107 

CZ04 

11/22/83 

62 

102 

D-4 

1 ,2-Dlchloro- 
benzene 


F-57 


PERCENT  RECOVERY  OF  SURROGATE  STANDARDS  IN  VOLATILE  ORGANIC  SAMPLES 

(Analysis  Date:  12/02/83) 


Surrogates 


D-6  D-4  D-8  D-10  D-4 

Sampling  1 ,2-Dlchloro-  Ethyl-  1 ,2-Dlchloro- 

Well  ID  Date  Benzene  ethane  Toluene  benzene  benzene 


Blank 

100 

100 

AZ04 

11/22/83 

89 

97 

AZ06 

11/22/83 

43 

120 

(@24-27') 

AZ06 

11/22/83 

82 

88 

(040-43') 

BAOl 

11/22/83 

85 

90 

BZOl 

11/21/83 

84 

96 

BZ02 

11/21/83 

86 

97 

CAOl 

11/21/83 

84 

92 

CA03 

11/21/83 

124 

98 

CA04 

11/21/83 

88 

92 

CZOl 

11/21/83 

122 

96 

DZOl 

11/22/83 

116 

83 

DZ02 

11/22/83 

82 

94 

DZ03 

11/22/83 

85 

83 

(018') 

DZ03 

11/22/83 

79 

96 

(042-) 

DZ06 

11/22/83 

96 

89 

(013') 

DZ06 

11/22/83 

104 

92 

(042') 

DZ07 

11/22/83 

110 

103 

(015-18') 

DZ07 

11/22/83 

84 

96 

(027-30') 

EZOl 

11/22/83 

85 

93 

EZ02 

11/22/83 

86 

97 

EZ04 

11/22/83 

86 

92 

FZOl 

11/22/83 

81 

89 

i 

^  •) 

Table  F.2.6 

||  PERCENT  RECOVERY  OF  SURROGATE  STANDARDS  IN  VOLATILE  ORGANIC  SAMPLES 

(Analysis  Date:  12/03/83) 


Surrogates 

,v 

Well  ID 

Sampling 

Date 

D-6  D-4 

1 ,2-Dlchloro- 
Benzene  ethane 

D-8  D-10 

Ethyl- 

Toluene  benzene 

D-4 

1 ,2-Dl chloro¬ 
benzene 

..  *• 

Blank 

100 

100 

"  ' 

AZ03 

11/23/83 

52 

98 

,  - 

BA02 

11/22/83 

48 

95 

' . 

JZOl 

11/22/83 

52 

106 

la 

Table  F.2.7 

PERCENT  RECOVERY 

OF  SURROGATE  STANDARDS 

IN  VOLATILE  ORGANIC  SAMPLES 

(Analysis  Date:  01/05/84) 

1 

Surrogates 

D-6  D-4 

D-8  D-10  D-4 

Sampling 

1 ,2-Dichloro- 

Ethyl-  1 ,2-Dichloro- 

Well  ID 

Date 

Benzene  ethane 

Toluene  benzene  benzene 

■ 

Blank 

100 

100 

b  ■ 

AZOl 

01/01/84 

160 

78 

AZ06 

01/01/84 

190 

105 

BZOl 

01/01/84 

90 

99 

BZ03 

01/01/84 

116 

104 

* 

BZ04 

01/01/84 

121 

104 

BZ05 

01/01/84 

114 

95 

CZOl 

01/01/84 

99 

101 

CZ03 

01/01/84 

101 

102 

CZ04 

01/01/84 

126 

103 

^  • 

DZ03 

01/01/84 

80 

112 

((311-13 

.5’) 

DZ03 

01/01/84 

84 

113 

((341-43 

.5) 

DZ06 

01/01/84 

104 

135 

(013.8- 

16.2') 

DZ06 

01/01/84 

77 

94 

(042-44 

.5’) 

L 

DZ07 

01/01/84 

79 

89 

(013.3- 

15.8’) 

DZ07 

01/01/84 

104 

95 

■  ^ 

(027.5- 

30') 

HZOl 

01/01/84 

118 

89 

Table  F.2.8 


PERCENT  RECOVERY  OF  SURROGATE  STANDARDS  IN  VOLATILE  ORGANIC  SAMPLES 

(Analysis  Date:  01/18/84) 


D-6 

D-4 

— ,  ■  .a.  „ 

D-8 

D-10 

D-4 

Sampling 

1 ,2-Dlchloro- 

Ethyl- 

1 ,2-Dlchloro- 

Well  ID 

Date 

Benzene 

ethane 

Toluene 

benzene 

benzene 

Blank 

100 

96 

AZ06 

01/16/84 

105 

69 

DZ03 

01/16/84 

96 

103 

DZ06 

01/16/84 

94 

87 

DZ07 

01/16/84 

93 

111 

Table  F.2.9 

PERCENT  RECOVERY 

OF  SURROGATE  STANDARDS 

IN  VOLATILE  ORGANIC 

SAMPLES 

(Analysis  Date:  09/07/84) 

Surrogates 

D-6 

D-4 

D-8 

D-10 

D-4 

Sampling 

1 ,2-Dichloro- 

Ethyl- 

1 ,2-Dlchloro- 

Well  ID 

Date 

Benzene 

ethane 

Toluene 

benzene 

benzene 

Blank 

95 

107 

DROl 

(@17-18') 

09/04/84 

101 

104 

.^ROl 

09/04/84 

88 

113 

(@40-41') 

DR02 

(@23-24') 

09/04/84 

105 

108 

DR02 

(@40-41 ') 

09/04/84 

98 

104 

DR03 

09/04/84 

105 

100 

(@26-27') 

DR03 

(@42-43') 

09/04/84 

99 

101 

DR04 

(@35-36') 

09/04/84 

106 

100 

DR04 

09/04/84 

99 

109 

(@45-46') 


F-60 


I 

g 

^J* 

I 


Table  F.2.10 


PERCENT  RECOVERY  OF  SURROGATE  STANDARDS  IN  VOLATILE  ORGANIC  SAMPLES 

(Analysis  Date:  09/08/84) 


Surrogates 

Well  ID 

Sampling 

Date 

D-6  D-4 

1 ,2-Dlchloro- 
Benzene  ethane 

D-8 

Toluene 

D-10 

Ethyl¬ 

benzene 

D-4 

1 ,2-Dlchloro- 
benzene 

Blank 

95 

107 

DROl 

(040-41') 

09/04/84 

88 

113 

Table  F.2.11 

PERCENT  RECOVERY  OF  SURROGATE  STANDARDS  IN  VOLATILE  ORGANIC  SAMPLES 

(Analysis  Date:  10/18/84) 


_ Surrogates _ 

D-6  D-4  D-8  D-10  D-4 

Sampling  I ,2-Dlchloro-  Ethyl-  1 ,2-Dlchloro- 

Well  ID  Date  benzene  ethane  Toluene  benzene  benzene 


Blank 

100 

100 

DROl 

10/11/84 

97 

106 

DROl 

10/15/84 

99 

106 

DR02 

10/11/84 

96 

101 

DR02 

10/15/84 

100 

104 

DR03 

10/11/84 

95 

99 

DR03 

10/15/84 

93 

107 

DR04 

10/11/84 

95 

110 

DR04 

10/15/84 

93 

107 

S 


»■— 


F-fal 


PERCENT  RECOVERY  OF  SURROGATE  STANDARDS  IN  VOLATILE  ORGANIC  SAMPLES 

(Analysis  Date:  10/25/84) 


Surrogates 


Sampling 
Well  ID  Date 


D-6  D-4  D-8 

1 ,2-Dlchloro- 

Benzene  ethane  Toluene 


D-10  D-4 

Ethyl-  I ,2-Dl chloro¬ 
benzene  benzene 


Blank 

100 

100 

DROl 

10/19/84 

103 

97 

DROl 

10/23/84 

112 

105 

DR02 

10/19/84 

102 

99 

DR02 

10/23/84 

119 

103 

DR03 

10/19/84 

116 

104 

DR03 

10/23/84 

108 

97 

DR04 

10/19/84 

107 

102 

DR04 

10/23/84 

112 

106 

Table  F.2.13 


PERCENT  RECOVERY  OF  SURROGATE  STANDARDS  IN  VOLATILE  ORGANIC  SAMPLES 

(Analysis  Date:  11/05/84) 


Surrogates 


Sampling 
Well  ID  Date 


D-6 

Benzene 


D-4  D-8 

1 ,2-Dlchloro- 

ethane  Toluene 


D-10 

Ethyl¬ 

benzene 


D-4 

1 ,2-Dlchloro 
benzene 


Blank 

100 

100 

DROl 

10/26/84 

91 

103 

DROl 

10/31/84 

99 

102 

DR02 

10/26/84 

lul 

103 

DR02 

10/31/84 

103 

101 

DR03 

10/26/84 

94 

104 

DR03 

10/31/84 

101 

102 

DR04 

10/26/84 

96 

103 

DR04 

10/31/84 

92 

102 

Table  F.2.14 


PERCENT  RECOVERY  OF  SURROGATE  STANDARDS  IN  VOLATILE  ORGANIC  SAMPLES 

(Analysis  Date;  11/12/84) 


Surrogates 


Well  ID 

Sampling 

Date 

D-6 

Benzene 

D-4 

1 ,2-Dlchloro- 
ethane 

D-8 

Toluene 

D-10 

Ethyl¬ 

benzene 

D-4 

1,2-Dichloro¬ 

benzene 

Blank 

117 

107 

DROl 

11/02/84 

84 

98 

DROl 

11/07/84 

106 

100 

DR02 

11/02/84 

91 

99 

DR02 

11/07/84 

104 

97 

DR03 

11/02/84 

99 

99 

DR03 

11/07/84 

100 

101 

PERCENT  RECOVERY 

Sampling 

Well  ID  Date 

Table  F.2.15 

OF  SURROGATE  STANDARDS  IN  VOLATILE  ORGANIC 
(Analysis  Date:  11/16/84) 

Surrogates 

SAMPLES 

D-6 

Benzene 

D-4 

1 ,2-Dichloro 
ethane 

D-8  D-10 

Ethyl- 

Toluene  benzene 

d-4 

1,2-Dichloro¬ 

benzene 

Blank 

102 

99 

DROl 

11/13/84 

115 

101 

DR02 

11/13/84 

117 

101 

DR03 

11/13/84 

114 

98 

PERCENT  RECOVERY 

Sampling 

Well  ID  Date 

Table  F.2.16 

OF  SURROGATE  STANDARDS  IN  VOLATILE  ORGANIC 
(Analysis  Date:  11/28/84) 

Surrogates 

SAMPLES 

D-6 

Benzene 

D-4 

1 ,2-Dichloro 
ethane 

D-8  D-10 

Ethyl- 

Toluene  benzene 

D-4 

1 ,2-Dlchi  oro- 
benzene 

Blank 

100 

100 

DROl 

11/27/84 

84 

88 

DR02 

11/27/84 

93 

92 

DR03 

11/27/84 

93 

98 

F-63 


Table  F.2.17 


PERCENT  RECOVERY  OF  SURROGATE  STANDARDS  IN  VOLATILE  ORGANIC  SAMPLES 

(Analysis  Date:  12/20/84) 


Well  ID 

Sampling 

Date 

Surrogates 

D-6  D-4 

1 ,2-Dlchloro- 
Benzene  ethane 

D-8  D-10 

Ethyl- 

Toluene  benzene 

D-4 

1 ,2-Dlchloro- 
benzene 

Blank 

100 

100 

Blank  //2 

100 

100 

AZOl 

ii/n/su 

110 

120 

AZ03 

12/12/84 

100 

98 

AZ04 

12/12/84 

100 

96 

BZ02 

12/12/84 

109 

97 

CZOl 

12/12/84 

102 

86 

DROl 

12/12/84 

99 

101 

EZ02 

12/12/84 

105 

95 

Table  F.2.18 

PERCENT  RECOVERY  OF  SURROGATE  STANDARDS  IN  VOLATILE  ORGANIC  SAMPLES 

(Analysis  Date:  12/21/84) 


Surrogates 


Well  ID 

Sampling 

Date 

D-6 

Benzene 

D-4 

1 ,2-Dlchloro- 
ethane 

D-8 

Toluene 

D-10 

Ethyl¬ 

benzene 

Blank 

100 

100 

AZ06 

12/12/84 

113 

114 

CROl 

12/12/84 

106 

99 

CR02 

12/12/84 

98 

111 

CR03 

12/12/84 

102 

101 

CR04 

12/12/84 

103 

102 

DZ03 

12/12/84 

101 

103 

D-4 

1 ,2-Dl chloro¬ 
benzene 


Table  F.2.19 


PERCENT  RECOVERY  OF  SURROGATE  STANDARDS  IN  VOLATILE  ORGANIC  SAMPLES 

(Analysis  Date:  01/23/85) 


Well  ID 

Sampling 

Date 

D-6  D-4 

1 ,2-Dichloro- 
Benzene  ethane 

D-8 

Toluene 

D-10 

Ethyl¬ 

benzene 

Blank 

115 

100 

DROl 

01/18/85 

98 

94 

DR02 

01/18/85 

96 

96 

DR05 

01/15/85 

97 

98 

DR05 

01/18/85 

97 

96 

DR05 

01/22/85 

102 

101 

D-4 

1 ,2-Dichloro¬ 
benzene 


Table  F.2.20 

PERCENT  RECOVERY  OF  SURROGATE  STANDARDS  IN  VOLATILE  ORGANIC  SAMPLES 

(Analysis  Date:  02/06/85) 


Well  ID 

Sampling 

Date 

D-6  D-4 

1 ,2-Dichloro- 
Benzene  ethane 

D-8 

Toluene 

D-10 

Ethyl¬ 

benzene 

Blank 

100 

100 

CROl 

02/04/85 

111 

91 

CR02 

02/04/85 

133 

84 

CR03 

02/04/85 

112 

93 

CR04 

02/04/85 

98 

99 

DROl 

02/04/85 

105 

109 

DR02 

02/04/85 

105 

104 

DR05 

01/29/85 

101 

99 

DR05 

02/04/85 

114 

98 

D-4 

1 ,2-Dlchloro- 
benzene 


F-65 


fc! 

II 

<, 

V. 

IR  •' 

Table  F.2.21 

hk— 

PERCENT  RECOVERY  OF  SURROGATE  STANDARDS  IN  VOLATILE  ORGANIC  SAMPLES  >! 


(Analysis  Date: 

02/19/85) 

> 

Surrogates 

D-6  D-4 

D-8  D-10 

D-4  m 

Sampling 

1 ,2-Dichloro 

Ethyl- 

1 ,2-Dlchloro- 

Well  ID 

Date 

Benzene  ethane 

Toluene  benzene 

benzene  “ 

Blank 

100 

100 

V 

DROl 

02/11/85 

105 

97 

DROl 

02/18/85 

99 

95 

DR02 

02/11/85 

103 

98 

^  r 

DR02 

02/18/85 

97 

94 

DR05 

02/11/85 

100 

96 

DR05 

02/18/85 

103 

98 

WIC 

02/11/85 

100 

95 

W2A 

02/11/85 

95 

95 

in 

W3A 

02/11/85 

91 

94 

W4C 

02/11/85 

95 

96 

Table  F.2.22  g 

PERCENT  RECOVERY  OF  SURROGATE  STANDARDS  IN  VOLATILE  ORGANIC  SAMPLES 


Well  ID 

Sampling 

Date 

(Analysis  Date: 

02/28/85) 

Surrogates 

■ 

D-6 

Benzene 

D-4 

1 ,2-Dlchloro 
ethane 

D-8  D-10 

Ethyl- 

Toluene  benzene 

D-4 

1 ,2-Dlchloro- 
benzene 

Blank 

100 

100 

DROl 

02/26/85 

100 

101 

DR02 

02/26/85 

104 

102 

DR05 

02/26/85 

102 

100 

" 

WIC 

02/26/85 

102 

102 

W2A 

02/26/85 

99 

102 

W3A 

02/26/85 

104 

104 

W4C 

02/26/85 

97 

102 

Table  4.3.1 


SAIIPLE  DETECTION  LIMITS:  BASE  NEUTRAL  ORGANIC  COMPOUNDS 


Semivolatile  Compounds 


CAS 

Number 

( 

ug^l^r  ug/Kg 
''^Circle  One) 

CAS 

Number 

(ug  '^r  ug  Kg 
'^^tOrcle  One 

62-75-9 

N-Nitrosodimethylamme 

10 

83-32  9 

Acanaphthene 

10 

108-95-2 

Phenol 

10 

51-28-5 

2  4-Oinitrophanol 

50 

62-53-3 

Aniline 

10 

100-02-7 

4-Nitrophanol 

5Q _ 

1 1 1  U-A 

bis<  -  2  -ChloroethvDEther 

10 

132-64-9 

Dibenzofuran 

10 

95-57-8 

2-Chlorophenol 

10 

121-14-2 

2.  4-Oinitrotcluene 

10 

541-73-1 

1 . 3-Oichlorobenzene 

10 

2.  B-Dinitrctolusne 

10 

106-46-7 

1 . 4-Oichlorobenzene 

10 

84-66-2 

Oiethylphthalate 

10 

100-51-6 

Benzyl  Alcohol 

10 

7005-72-3 

4-Chlorophenyl-phenylaiher 

95-50-1 

1.  2-Oichiorobenzene 

10 

86-73-7 

Pluprene 

in 

95-48-7 

2-Methylphenol 

10 

100-01  -6 

4-Nitreaniline 

50 

39638-32-9 

bis(2-chloroisopropyllEther 

10 

534-52-1 

4.  6  Oinitro-2-Mathylphenol 

106-44-5 

4-Methylphenol 

10 

i 

86-30-6 

N-Nitrotodiphenylamine  (1 ) 

10 

621-64-7 

N-Nitroso-Oi-n-Propylamine 

10 

101-55-3 

4-Bromophenyl-phenylether 

10 

67-72-1 

Hexachioroethane 

10 

118-74-1 

Hexachlorobenzene 

98  95-3 

Nitrobenzene 

10 

87-86-5 

Pentachlorophenol 

50 

78-59-1 

Isophorone 

10 

85-01-8 

Phenanthrene 

10 

88-75-5 

2-Nitrophenol 

10 

120-12-7 

Anthracene 

10 

105-67-9 

2.  4-Oimethylphenol 

10 

84-74-2 

Oi-n-Butylphthalate 

65-85-0 

Benzoic  Acid 

50 

206-44-0 

Fluoranthene 

IHBSSHH 

111-91-1 

bis<  -  2  -Chloroethoxy  iMethane 

10 

92-87-5 

Benzidine 

50 

120-83-2 

2.  4-Oichlorophenol 

10 

129-00-0 

Pyrene 

120-82-1 

1 ,  2.  4-Tfichlorobenzene 

10 

85-68-7 

Butylbenzylphthalate 

91-20-3 

Naphthalene 

10 

91-94-1 

3.  3’-Oichlorobenzidine 

20 

106-47-8 

4-Chloroaniline 

10 

56-55-3 

BenzolalAnthracene 

10 

87  68-3 

Hexachiorobutadiene 

10 

117-81-7 

bis(2-Ethylhexvl)Phthalate 

10 

59-50  7 

4-Chloro-3-Methylphenol 

218-01-9 

Chrysene 

10 

91-57-6 

2-Methylnaphthalene 

117-84-0 

Oi-n-Octyl  Phthalate 

10 

77-47-4 

Hexachlorocyclopentadiene 

10 

205  99-2 

BenzotblFluoranthene 

10 

88  06  2 

2  4  6-Trichlorophenol 

10 

207-08-9 

BenzotklFluoranthene 

10 

95-95-4 

2.  4  5-Trichloropnenol 

iHIfillHH 

50-32  8 

BenzoialPyrene 

10 

91-58-7 

2-Chioronaphthalene 

10 

193  39  5 

Indenotl,  2.  3-cd)Pyrene 

10 

88-74-4 

2-Nitroaniline 

50 

53  70-3 

Oibenzia  hiAnthracene 

10 

131-11-3 

Dimethyl  Phthalate 

191-24-2 

Benzolg.  h  oPerylene 

10 

208  96-8 

Acenaphthylene 

L-L2 _ 

99  09  2 

3-Nitroaniline 

1  (1)-C«nnoi  b*  S«pardl«d  from  dtO^enyiarntn# 

F-67 


Table  F.3.2 

SUMMARY  OF  BASE  NEUTRAL  ORGANIC  METHOD  BLANK  ANALYSES 


Analysis  Date 

Corresponding 
Sampling  Date 

Results 

11/18/83 

10/5,  6/83 

No  base  neutral  compounds  detected. 

03/07/84 

11/22/83 

01/01/84 

01/16/84 

Trace  amounts  of  Dl-n-butyl  phthalate 
(6.5  ug/1). 

03/08/84 

11/22/83 

01/01/84 

01/16/84 

No  base  neutral  compounds  detected. 

03/08/84 

11/22/83 

01/01/84 

01/16/84 

Trace  amounts  of  Dloctylphthalate 
(2.1  ug/1). 
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Table  F.3.3 

PERCENT  RECOVERY  OF  SURROGATE  STANDARDS  IN  BASE  NEUTRAL  ORGANIC  SAMPLES 

(Analysis  Date:  11/18/83) 


Surrogates 


Well  ID 

D-5 

Sampling 

Date  Phenol 

2- 

Fluoro- 

phenol 

D-5 

Nitro¬ 

benzene 

2- 

Fluorobl- 

phenyl 

D-14 

P-Ter 

Phenyl 

D-10 

Pyrene 

DZ06 

10/05/83 

175 

50 

120 

100 

DZ07 

10/05/85 

160 

48 

112 

91 

EZOl 

10/06/83 

220 

69 

112 

96 

EZ02 

10/06/83 

156 

54 

86 

76 

JZOl 

10/05/83 

130 

52 

114 

91 

PERCENT 

RECOVERY  OF 

Table  F.3.4 

SURROGATE  STANDARDS  IN  BASE  NEUTRAL 

(Analysis  Date:  11/19/83) 

Surrogates 

ORGANIC 

SAMPLES 

D-5  2- 

D-5 

2- 

D-14 

D-10 

Sampling 

Fluoro- 

Nitro¬ 

Fluorobl- 

P-Ter 

Well  ID 

Date 

Phenol  phenol 

benzene 

phenyl 

Phenyl 

Pyrene 

CZOl 

10/05/83 

99 

63 

78 

66 

Table  F.3.5 

PERCENT  RECOVERY  OF  SURROGATE  STANDARDS  IN  BASE  NEUTRAL  ORGANIC  SAMPLES 

(Analysis  Date:  11/21/83) 


Surrogates 


Well  ID 

D-5 

Sampling 

Date  Phenol 

D-6 

Phenol 

2- 

Fluoro- 

phenol 

D-5 

Nitro¬ 

benzene 

2- 

Fluorobi- 

phenyl 

D-14 

P-Ter 

Phenyl 

D-10 

Pyrene 

AZOl 

10/06/83 

1 

2 

61 

83 

112 

84 

AZU3 

10/06/83 

139 

49 

109 

87 

AZ05 

10/06/83 

173 

69 

104 

76 

czn5 

10/05/83 

165 

66 

2 

12 

DZ03 

10/05/83 

49 

19 

132 

100 

EZ04 

10/06/83 

132 

58 

105 

3 
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Table  F.3.6 


PERCENT  RECOVERY  OF  SURROGATE  STANDARDS  IN  BASE  NEUTRAL  ORGANIC  SAMPLES 


(Analysis 

Date:  03/07/84) 

Surrogates 

D-5 

2- 

D-5 

2- 

D-14 

D-10 

2,4,6 

Sampling 

Fluoro- 

Nitro¬ 

Fluorobl- 

P-Ter 

Trlbromo- 

Well  ID 

Date  Phenol 

phenol 

benzene 

phenyl 

Phenyl 

Pyrene 

phenol 

Blank 

35 

57 

116 

115 

151 

153 

70 

CA03 

11/21/83 

122 

114 

122 

122 

DZOl 

11/22/83 

103 

123 

117 

111 

DZ02 

11/22/83 

97 

118 

112 

104 

DZ03 

11/22/83 

89 

96 

94 

73 

DZ03 

01/16/84 

108 

127 

126 

115 

DZ06 

11/22/83 

90 

108 

113 

111 

DZ07 

11/22/84 

82 

105 

107 

106 

DZ07 

01/16/84 

114 

125 

141 

142 

Table  F.3.7 

PERCENT  RECOVERY  OF  SURROGATE  STANDARDS  IN  BASE  NEUTRAL  ORGANIC  SAMPLES 


(Analysis  Date:  03/08/84) 


Surrogates 


Well  ID 

D-5  2- 

Sampling  Fluoro- 

Date  Phenol  phenol 

D-5 

Nitro¬ 

benzene 

2- 

Fluorobl- 

phenyl 

D-14 

P-Ter 

Phenyl 

D-10 

Pyrene 

BAOl 

11/22/83 

101 

121 

136 

130 

BA02 

11/22/83 

96 

113 

139 

125 

BZ02 

11/21/83 

95 

142 

125 

117 

BZ03 

11/21/83 

lOl 

135 

137 

134 

BZ04 

01/01/84 

88 

109 

138 

129 

CA04 

11/21/83 

118 

140 

141 

136 

CZOl 

01/01/84 

96 

no 

137 

133 

CZ04 

01/01/84 

ll2 

98 

125 

138 

FZOl 

11/22/83 

108 

131 

156 

148 

HZOl 

11/22/83 

110 

125 

133 

131 

JZOl 

11/22/83 

102 

127 

147 

139 

2,4,6 

Trlbromo- 

phenol 


Table  F.3.8 


PERCENT  RECOVERY  OF  SURROGATE  STANDARDS  IN  BASE  NEUTRAL  ORGANIC  SAMPLES 


(Analysis  Date:  03/09/84) 


Surrogates 


D-5  2-  D-5  2-  D-14  D-10  2,4,6 


Sampling  Fluoro-  Nltro-  Fluorobl-  P-Ter  Trlbromo 

Well  ID  Date  Phenol  phenol  benzene  phenyl  Phenyl  Pyrene  phenol 
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Appendix  F-4 


QA/QC  Summary,  Pesticides /PCB  Organic  Compounds 
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Table  F.4.1 


SAMPLE  DETECTION  LIMITS:  PESTICIDES/PCB  ORGANIC  COMPOUNDS 


Pesticides  and  PCBs 

Pg/l 

Alpha-BHC 

0.003 

Beta-BHC 

0.006 

Delta-BHC 

0.003 

Gamma-BHC  (Lindane) 

0.004 

Heptachlor 

0.003 

Aldrin 

0.003 

Heptachlor  Epoxide 

0.003 

Endosulfan  I 

0.003 

Dleldrln 

0.005 

4,4'-DDE 

0.004 

Endrln 

0.004 

Endosulfan  II 

0.004 

4,4'-DDD 

0.006 

Endrln  Aldehyde 

0.006 

Endosulfan  Sulfate 

0.006 

4, 4 '-DDT 

0.005 

Methoxychlor 

NA 

Endrin  Ketone 

NA 

Chlordane 

0.2 

Toxaphene 

0.5 

Aroclor-1016 

0.3 

Aroclor-1221 

1.0 

Aroclor-1232 

0.2 

Aroclor-1242 

0.3 

Aroclor-1248 

0.2 

Aroclor-1254 

0.2 

Aroclor-1260 

0.2 

HHHHHiiHliH 

Table 

SUMMARY  OF  PESTICIDE  AND 

F.4.2 

PCB  METHOD 

0 

BLANK  ANALYSES  " 

« 

Compound 

Method 
Blank  H 

Method 
Blank  //2 

Method 
Blank  //3 

Method 

Blank  H  kY 

-  BHC 

ND 

ND 

ND 

ND 

-  BHC 

ND 

ND 

ND 

ND  ^ 

-  BHC 

ND 

ND 

ND 

ND 

-  BHC 

ND 

ND 

ND 

ND  K; 

Heptachlor 

ND 

ND 

ND 

ND 

Aldrln 

ND 

ND 

ND 

ND 

Heptachlor  Epoxide 

ND 

0.010 

ND 

ND 

-  Endosulfan 

ND 

ND 

ND 

ND 

Dleldrln 

ND 

0.012 

ND 

ND  ^ 

p,p’-DDE 

ND 

ND 

ND 

ND 

Endrln 

ND 

0.012 

ND 

ND  ’j; 

-  Endosulfan 

ND 

ND 

ND 

ND 

p,p'-DDD 

ND 

ND 

ND 

ND  gj 

Endrln  Aldehyde 

ND 

ND 

ND 

ND 

Endosulfan  Sulfate 

ND 

ND 

ND 

ND  >> 

p,p'  -  DDT 

ND 

ND 

ND 

ND 

Chlordane 

ND 

ND 

ND 

9 

ND  >; 

Toxaphene 

ND 

ND 

ND 

ND 

PCB  -  1016 

ND 

ND 

ND 

ND 

PCB  -  1221 

ND 

ND 

ND 

ND 

PCB  -  1232 

ND 

ND 

ND 

ND  “ 

PCB  -  1242 

ND 

ND 

ND 

ND 

PCB  -  1248 

ND 

ND 

ND 

ND 

N.  ^ 

PCB  -  1254 

ND 

ND 

ND 

ND  w 

PCB  -  1260 

ND 

ND 

ND 

ND 

Percent  recovery 

Dlbutylchlorendate 

NSA 

NSA 

NSA 

NSA 

( surrogate) 

ND  =  Not  detected. 
NSA  =  No  surrogate 

added. 

F- 
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Table  F.4.3 


PERCENT  RECOVERY  OF  SURROGATE  STANDARDS  IN  PESTICIDE  SAMPLES 


Sample 


Well 

Date 

AZOl 

10/06/83 

AZOl 

11/27/83 

AZ03 

10/06/83 

AZ04 

11/22/83 

AZ05 

10/06/83 

AZ06 

10/06/83 

AZ06 

10/06/83 

BAOl 

11/22/83 

BA02 

11/22/84 

BZOl 

01/01/84 

CAOl 

11/21/83 

CA03 

11/21/83 

CA04 

11/21/83 

CZOl 

10/05/83 

CZ05 

10/05/83 

DZOl 

11/22/83 

DZ03 

10/05/83 

DZ03 

11/22/83 

DZ06 

10/05/83 

DZ06 

11/22/83 

DZ07 

10/05/83 

DZ07 

.  01/01/84 

DZ07 

01/16/84 

EZOl 

10/06/83 

EZ02 

10/06/83 

EZ02  (dup.)  10/06/83 

EZ04 

10/06/83 

FZOl 

11/22/83 

HZOl 

11/22/83 

HZOl 

01/01/84 

JZOl 

10/05/83 

JZOl 

11/22/83 

Surrogate 

Sample 

Recovery 

Number 

(in  percent) 

84-5484 

NSA 

84-7248 

23.9 

84-5486 

NSA 

84-7246 

17.0 

84-5485 

NSA 

84-5470 

NSA 

84-8076 

32.6 

84-7262 

25.5 

84-7272 

6.3 

84-8075 

28.2 

84-7267 

4.9 

84-7271 

5.5 

84-7249 

17.6 

84-5492 

NSA 

84-5491 

NSA 

84-7265 

50.0 

84-5503 

NSA 

84-7259 

13.6 

84-5501 

NSA 

84-7266 

8.8 

84-5502 

NSA 

84-8068 

21.1 

84-8271 

17.0 

84-5482 

NSA 

84-5471 

NSA 

84-5471 

(dup.)  NSA 

84-5487 

NSA 

84-7250 

16.8 

84-7261 

9.7 

84-7260 

13.4 

84-5507 

NSA 

84-7263 

35.5 

NSA  =  No  surrogate  added. 
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APPENDIX  C 


SEISMIC  REFRACTION  AND  ELECTRICAL  RESISTIVITY  DATA 

G-1:  Geophysical  Cross-Sections  A-A'  through  K-K' 

C-2:  Seismic  Refraction 

C-3:  Electrical  Resistivity  Data 


Figure  G-1 


SEISMIC  REFRACTION  LINES  AND  ELECTRICAL  RESISTIVITY  STATIONS 
,  McCHORD  AIR  FORCE  BASE,  WASHINGTON 
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Appendix  C-2 
Seismic  Refraction 
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PROJEtT  :  hcChord  Phase  II 
PROJECT  fiO.  cZT-Z 
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Appendix  C-3 
Electrical  Resistivity  Data 


LOG  HPPfiRENT  RESISTIVITY  (ohm-ft 


LOG  ELECTRODE  SPRCING  (ft.) 


STRTION  No.  1 


Pi 


G-60 


LOG  RPPflRENT  RESISTIVITY  (ohm-ft 


Mill  L'  .U  M  -VW 


2 


5.0 

4.8 

4.6 

4.4 

4.2 

4.0 

3.8 

3.6 

3.4 

3.2 

3.0 


OAT* 

ELECTRODE 

APPARENT 

CUMULATIVE 

SPACING 

RESISTIVITY 

RESISTIVITY 

. 

(ft.) 

(ohm- ft.) 

(olp-  ft) 

1 

4.0 

39760 

39760 

2 

8.0 

54176 

93936 

3 

12.0 

49116 

143052 

4 

16.0 

51808 

194860 

6 

20.0 

38740 

6 

24.0 

29328 

262928 

• 

7 

28.0 

25864 

288792 

8 

32.0 

21523 

310315 

9 

40.0 

18472 

328787 

10 

48.0 

12682 

341468 

- 

11 

56.0 

12835 

354304 

1? 

64.0 

5916 

360220 

D  j 

■  I  »  I _ I  I  I  I  1 -L-i-ll-i...  L„  i-J _ _  L  .-L  1  I  i  j  1 

6  .8  1.0  1.2  1.4  1.6  1.8 

LOG  ELECTRODE  SPACING  (ft.) 


■0 


n 


1 , 
V. 


I 


r 


.V 


Oi 


STATION  No.  2 


G-61 


LOG  RPPHRENT  RESISTIVITY  (ohm-Tt 


G-62 


LOG  RPPflRENT  RESISTIVITY  <ohm-ft 


G-63 


.8  1.0  1.2  1.4  1.6  1.8 

LOG  ELECTRODE  SPRCING  (ft.) 

STRTION  No.  5 


G-64 


LOG  flPPRRENT  RESISTIVITY  (ohm-ft. 


^  \ 

F  =  0.11 

+ 

\ 

ELECTRODE 

APPARENT 

CUMMULATIVE 

SPACING 

resistivity 

resistivity 

(ft.) 

( Ohm- f t . ) 

(ohm- ft) 

LOG  ELECTRODE  SPRCING  (ft.) 


STRTION  No.  6 


LOG  APPARENT  RESISTIVITY  (ohm-Tt 


ELECTRODE 

APPARENT 

cuhklilative 

SPACING 

RESISTIVITY 

RESISTIVITY 

(ft.) 

(otm-ft.) 

(ohm- ft) 

8.0 

29824 

29824 

1?.0 

11496 

41320 

16.0 

8720 

50040 

20.0 

3620 

53660 

24.0 

2707 

56367 

28.0 

2153 

58520 

36.0 

847 

59368 

40.0 

1734 

63102 

+ 

+ 

\  .. 

0.11 

LOG  ELECTRODE  SPACING  (ft.) 


STATION  No.  7 


F  s  0.05 


ELECTRODE 

SPACING 

(ft.) 

A.O 

8.0 

12.0 

16.0 

20.0 

24.0 

28.0 

32.0 

36.0 

40.0 

44.0 

4fi.O 

56.0 

64.0 


APPARENT 
RESISTIVITY 
(ohm- ft.) 

15412 

18592 

23160 

25072 

27080 

22608 

26298 

24429 

19080 

1116P 

13552 

ROOO 
64  ■'4 
830-' 


CWJLATIVE 

resistivity 

(ohn-ft) 

15412 

34004 

57164 

82236 

109316 

131924 

158222 

ie265[' 

202630 

213798 

22'’36C 

23625n 

242723 

261120 


I 


D 

■4- . I  1.  t  I  .-1-.  liiti.i.i.t.i.i.j 


1.0  1.2  1.4  1.6  l.e 

LOG  ELECTRODE  SPRCING  (ft.) 


STRTION  No.  8 


6 


1.8 


.8  1.0  1.2  1.4  1.6 

LOG  ELECTRODE  SPRCING  (ft.) 

STATION  No.  9 


G-68 


LOG  fiPPRRENT  RESISTIVITY  (ohm-ft 


6 


1.8 


.8  1.0  1.2  1.4  1.6 

LOG  ELECTRODE  SPRCING  (ft.) 

STRTION  No.  13 


r 


G-72 


ELECTRODE 

APPARENT 

CUMMULATIVE 

SPRCING 

RESISTIVITY 

RESISTIVITY 

(ft.) 

( ohm- ft . ) 

( ohm- ft ) 

8.0 

36272 

36272 

12.0 

13524 

49796 

16.0 

65796 

20.0 

14128 

79924 

24.0 

14419 

94343 

32.0 

16054 

110398 

40.0 

4800 

115198 

52.0 

6188 

121386 

60.0 

4236 

125622 

60.0 

6705 

132326 

36.0 

13536 

145862 

44.0 

6226 

152088 

■L.t  1 


1.0  1.2  1.4  1.6  1.8 

LOG  ELECTRODE  SPRCING  (ft.) 


STRTION  No.  14 


,8  1.0  1.2  1.4  1.6  1.8 

LOG  ELECTRODE  SPRCING  (ft.) 

STRTION  No.  15 


G-74 


ELECTRODE 

SPACING 

(ft.) 


APPARENT 
RESISTIVITY 
(ohm- ft.) 


CUMMULATIVE 
RESISTIVITY 
( ohm- ft ) 


LOG  ELECTRODE  SPRCIN6  (ft.) 


STRTION  No.  IB 


LOG  ELECTRODE  SPRCING  (ft.) 

p.‘ 


STRTION  No. 


17 


G-76 


LOG  APPARENT  RESISTIVITY  (ohm-ft 


LOG  RPPFIRENT  RESISTIVITY  (ohm— ft 


.*  i,* 


TA  ELECTRODE 

APPARENT 

CUMMULATIVE 

INT  SPACING 

RESISTIVITY 

RESISTIVITY 

Ift.) 

(ohm- ft.) 

(ohn-ft) 

1  4.0 

23880 

23880 

J  8.0 

17280 

41160 

3  12.0 

9024 

50184 

4  16.0 

16000 

66184 

5  20.0 

12696 

78880 

6  24.0 

9149 

88029 

7  28.0 

8512 

96541 

8  36.0 

5562 

102103 

9  44.0 

4616 

106718 

0  52.0 

6625 

113343 

1  60.0 

9876 

123219 

1 

*  \ 

+ 

+ 

+ 

+ 

\  + 

F  *  o.ie 

MA  ELECTRODE 

APPARENT 

CU7WJLATIVE 

3INT  SPACING 

RESISTIVITY 

RESISTIVITY 

(ft.) 

(ohm- ft. ) 

(ohm- ft) 

lOi 


LOG  RPPflRENT  RESISTIVITY  tohm-ft 


LOG  ELECTRODE  SPRCING  (ft.) 


STRTION  No.  20 


G-79 


ELECTRODE 

SPACING 

(ft.) 


APPARENT 
RESISTIVITY 
(ohm- ft.) 


CUMMULATIVE 
resistivity 
(ohm- ft) 


A.O 
8.0 
12.0 
16.0 

5  20.0 

6  28.0 
36.0 
44.0 
52.0 
60.0 

1  68.0 


37364 

37364 

27816 

65180 

B246r 

16320 

98780 

12386 

11116'- 

10276 

12144? 

6232 

127674 

131/74 

.'765 

135539 

2316 

I37R65 

2654 

140515 

D 
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1.0  1.2  1.4  1.6  1.8 

LOG  ELECTRODE  SPRCING  (ft.) 

STATION  No.  21 
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10  Augutt  1983 


WM  R  THORNTON 
PUBLIC  WORKS  DIRECTOR 
Ttltphor.t  12061  E93  46C0 


JRB  -  Seattle 


JliB  ASSOCIATES 

13400-B  NORTHUP  WAT  Suite  >  38 
BELLEVUE,  WA  98005 


SUBJECT :  Prgliminary^^evewoy  Inspection  by  Resident  Engi 


neer 


Gentlemen: 

TEST  HOLE 

Enclosed  is  your  copy  of  your  driTe«*y  permit  application(s)  containing  the 
comments  and/or  the  recommendations  of  the  Resident  Engineer. 

All  requirements  must  be  completed  prior  to  calling  for  your  finS^^jiSSfis*# 
inspection. 


Very  truly  yours, 


WM.  R.  THORNTON 
Director 


HENRY  MIRANDA 
Permits  and  Franchises 


Vy^RTiHM: 
Enclosure 
cc:  file 
FA12 


y  Check  y 

BEFORE  YOU  DIG  FOR 
BOATER 
B^AS  fti 
B'i^EPi-iONE  get  y 

B^WER  5Vt-lrf7i 


Vh-iV 
*■ 

»'»r 


H-1 


PIERCE  COUNTY  PUBLIC  WORKS  DEPARTMENT 
Teleph  :  593-4692 


PERMIT  TO  CONSTRUCT: 

[  ]  Residential  Approach 

[  ]  Private  Road  Approach,  Short  Plat/Large  Lot  No. 

1  1  Commercial  Approach,  Plat/Commercial  Project  _ 
[  )  Stormwater  Disposal  j  ^ 

Other  Right  of  Way  Request  /€ *)/ 


Shop  Location 


Building  Permit  No. 


Applicant  _ A 

Mailing  ^  _  . 
Address  ^ 

Construction  Location 


_  Telephone 


Zip 

t?  CAoi-d 


-  Sec.  /J  Twp . Ly  N.,  Rge.  X/f  W  M 

I  certify  that  the  above  information  is  correct  and  that  the  appiicabie  reguiations  reiating  to  this 
work  win  be  compiied  with.  The  iocation  wiil  be  staked  within  24  hours  after  making  this  appiication. 
The  approach  will  be  constructed  as  directed  by  the  Resident  Engineer  or  his  authorized  represen- 
tative. 


For  Bond  Release  and  Final  Inspection  Call; 


Signature  of  Applicant 
fR'  Telephone  No  "  t  y/ 


JRB  Associates.  Inc.  13400-B  Northup  Way.  Suite  38.  Bellevue.  Washington  98005  (206)  747-7899 

A  Subsidiary  of  Science  Applications.  Inc 


August  10,  1983 


Mr.  8ert  Bowen 

Underground  Injection  Control  Program 
Department  of  Ecology 
Mail  Stop  PV-11 
Olympia,  Washington  98504 

Kef:  McChord  AfB  Geohy.drologlc  Investigations 
Dear  Bert: 

Approximately  three  months  ago  I  visited  your  office  to  discuss  with  you 
a  proposed  brine  surface  discharge  and  groundwater  transport  study  at  McChord 
AFB.  This  study,  outlined  below,  is  being  initiated  to  help  us  define 
groundwater  transport  beneath  and  adjacent  to  the  base,  and  more  specifically 
to  identify  the  directions  and  rates  of  groundwater  flow  beneath  the 
industrialized  sectors  of  the  base.  In  review  of  the  June  1,  1983  draft  of 
Chapter  173-218  WAC,  I  believe  that  either  our  proposed  work  is  not  regulated 
by  the  state  UIC  program,  or  is  defined  as  a  Class  V  well  meaning  that  it  is 
not  an  injection  well  used  to  dispose  of  hazardous,  radioactive,  or  other 

wastes.  Per  our  discussion  it  was  your  belief  that  no  permit  would  be 

required  to  conduct  this  work.  Thus  this  communication  is  forwarded  to  you 

for  informational  purposes,  and  will  help  to  keep  open  the  informational 

exchange  between  our  work  and  other  ongoing  investigations  in  Pierce  County. 

On  or  about  August  29th,  we  propose  to  discharge  approximately  400 

gallons  of  25  percent  brine  onto  the  surface  of  the  ground  near  what  we  have 
designated  as  well  EZO'2  (see  attached  map).  This  brine  will  be  comprised  of 
up  to  800  pounds  of  NaCl  (99.9  percent,  supplied  by  VWR  Scientific)  dissolved 
in  approximately  400  gallons  of  domestic  water.  The  brine  will  be  made  up  in 

either  a  500-gallon  US.\F  water  trailer  or  in  a  number  of  steel  drums.  Once 

discharged  and  allowed  to  percolate  into  the  ground,  freshwater  will  be 
flooded  onto  the  ground  for  a  period  of  approximately  12  hours.  This  water 

will  be  provided  from  the  nearest  fire  hydrant.  Beginning  on  the  day  of  brine 
discharge,  and  continuing  for  at  least  14  days,  we  will  monitor  specific 
conductance  and  log  vertical  profiles  in  approximately  30  wells  across  the 
base.  These  data  will  be  compared  against  base  line  conductance  data 
collected  this  summer.  Interpretations  will  then  be  made  as  to  the  rates  and 
direction  of  travel,  estimated  areal  extent  of  groundwater  plume  migration, 
and  vertical  relationships  between  the  ground  surface  and  one  or  more 
groundwater  bearing  zones. 

1  believe  that  the  brine  discharge  will  have  negligible  effect  on  the 
upper  aquifer  drinking  water  supplies  of  individual  homeowners  located  to  the 
northwest  or  west  of  McChord  AFB.  Assunlng  full  dilution  across  Che  sector  to 
Che  west  and  north  of  the  discharge  point,  and  a  vertical  zone  of  influence 


averaging  30  feet,  the  NaCl  concentration  8,000  feet  distant  from  the 
discharge  site  will  be  approxioiately  0.09  mg/l.  Should  dilution  be  but  10 
percent  of  this  value,  the  resultant  0.9  mg/l  of  NaCl  is  only  approaching  the 
threshhold  of  taste.  Finally,  if  dilution  is  limited  to  but  1  percent  of  the 
estimated  groundwater  storage  due  to  unusual  flow  lines  and  hydraulic  trans¬ 
port  (which  we  seek  to  define)  the  estimated  9  mgle  of  NaCl  Is  still  well 
below  any  drinking  water  quality  criteria  for  sodium  or  chloride.  If  our 
field  measurements  should  indicate  that  more  concentrated  brine  may  cross  the 
base  property  lines  and  potentially  impact  domestic  water  supplies,  our 
advance  notice  of  the  migrating  plume  will  allow  us  time  to  contact  you  and 
local  health  departments  for  remedial  action. 

As  stated  earlier  this  study  will  begin  approximately  August  29th.  If  it 
proves  successful  in  helping  to  determine  groundwater  movement  across  the 
base,  we  propose  to  conduct  a  second  brine  discharge  study  with  the  point  of 
discharge  near  well  CZOl.  This  study  will  likely  be  initiated  In  late 
September  and  would  Involve  the  discharge  of  a  smaller  mass  of  sodium 
chloride.  I  will  be  in  communication  with  you  prior  to  connnencing  that  study. 

Should  you  have  any  questions  regarding  this  proposed  work  please  contact 
me  directly,  or  refer  comments  to  Captain  Lindsey  Waterhouse,  the  Base  Envi¬ 
ronmental  Engineer  at  McChord  AFB  (Telephone:  984—3921). 

Sincerely, 


Richard  W.  Greilingy^.E. 
Senior  Environment^  Engineer 


Enclosure 

cc:  L.  Waterhouse,  McChord  AFB 
E.  Baladi,  OEHL/CVT 
W.  McRaney,  JRB 
S.  Pavlou,  JRB 
J.  Oberlander,  WDOE 
W.  Bergstrom,  WDOE 
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JRB  Associates,  Inc.  IIMOO-B  Northup  Way,  Suite  38,  Bellevue,  Washington  98005  (206)  747-789‘) 

A  Subsidiary  o/  Science  Applications,  Inc 


September  9,  1983 


Ms.  Gail  Keyes,  Enforcement  Officer 
Washington  Department  of  Ecology 
St.  Martins  Campus 
Mail  Stop  PV-11 
Olympia,  WA  98504 

Dear  Ms.  Keyes: 

Per  the  recommendation  of  Mr.  Frank  Monahan,  District  3  Supervisor,  I  am  writing 
this  letter  to  apprise  you  of  pending  geohydrologic  research  activities  involving 
the  release  of  salt  brine  to  groundwater  at  McChord  AFB  in  conjunction  with 
Phase  lie  of  the  Air  Force's  Installation  Restoration  Program.  A  description 
of  the  proposed  brine  study  was  made  by  letter  to  Mr.  Bert  Bowen,  the  DOE  Coor¬ 
dinator  for  the  Underground  Injection  Program,  on  or  about  August  10th  (my  copy 
is  undated).  The  only  change  to  be  made  to  the  facts  in  the  letter  is  that  the 
date  of  the  first  brine  release  onto  the  ground  surface  near  Well  EZ02  has  been 
postponed  until  or  within  four  days  before  or  after  September  26th. 

In  review  of  Chapter  90.48  RCW  and  Chapter  173-201  WAC,  I  find  no  clear  deter¬ 
mination  for  a  request  for  temporary  exemption  to  water  quality  in  groundwater 
systems.  However,  if  an  exemption  is  so  deemed  necessary,  please  accept  this 
letter  and  the  accompanying  description  of  brine  investigations  as  the  basis 
for  a  request  for  temporary  exemption  from  prohibition  of  waste  discharge  and/or 
water  quality  criteria. 

Please  forward  any  Administrative  Orders  or  other  temporary  permits  to  JRB 
Associates  at  the  letterhead  address.  Should  you  have  any  questions,  please  call 
me  or  Robert  Peshkln,  IRP  Field  Geologist,  at  (206)  747-7899. 


RWG : Imw 
enclosure 
cc:  R.  Peshkin 
W.  McRaney 
S.  Pavlou 
J.  Niemeyer 
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lOHN  SPELLMAN 
Governor 


STALE  OF  WASHINGTON 


RECEIVED 

SEP  1 9 1993 
JR3  -  Seattle 


m 


DONALD  W  MOOS 
iSirertor 


DEPARTMENT  OF  ECOLOGY 


~2r2  Geanwater  Lane  LU-II  •  (>l\mpia  Washington  ^H504  •  (206)  ~5J-2J53 


September  16,  1983 


S 


Mr.  Richard  Grelllng 
JRfi  Associates,  Inc. 

13400  B  Northup  Way,  Suite  38 
Bellevue,  WA  98005 

RE:  Brine  Test 
McChord  AFB 

Dear  Rich: 

Discussions  with  the  State  of  Washington,  Attorney  General's  Office,  Mr.  Lean 
and  Mr.  Roe  Informed  us  that  Issuance  of  a  Water  Quality  Modification  or  a 
Waste  Discharge  Permit  for  the  groundwater  brine  study  Is  Inappropriate. 

Based  on  your  Information  that  the  concentration  of  salt  In  the  groundwater 
will  be  below  the  DSHS  drinking  water  standard  of  250  ppm  and  beneath  Industrial 
areas  we  do  not  object  to  the  project. 

If  the  concentration  exceeds  your  anticipated  maximum  9  ppm  exiting  the  base 
property  line  please  contact  WDOE  and  the  local  health  authority  Immediately. 

We  look  forward  to  learning  the  outcome  of  your  project.  Should  the  scheduling 
of  the  (3)  brine  discharges  during  September-October  1983  change  please  contact 
Frank  Monahan  or  myself  at  753-2353  In  Olympia. 

Sincerely, 

Jim  Ober lander 

Environmental  Quality  Inspector 
JO  :1a 

cc:  Bob  James,  DSHS 

Stan  Springer,  WDOE 

Frank  Monahan,  WDOE 

David  Sanderson,  TPCHD 

S.  Sgt.  Jan  Nelmeyer,  McChord  Field 
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MCCHORD 


AFB  GOVERNi^iEf'*''"  COPIER  NOi^lBtK  :> 

DEPARTMENT  OF  THE  AIR  FORCE 

HEADQUARTERS  62(1  AIR  BASE  GROUP  (MAC) 

MeCHORD  AIR  FORCE  BASE,  WASHINGTON  98438 


20  March  1984 


Mr.  Charles  E.  Findley 
De'^iuty  Director 

iVir  and  Waste  Management  Division 
FP;\  Region  X 
1200  Si.xth  .XvenLie 
Seattle,  WA  93101 

Dear  Mr.  Findley: 

Ihank  you  and  your  staff  for  coming  to  McChord  Air  Force  Base  for  the  Marcl'.  ^ 
19S4,  meeting  with  us  and  the  state  and  local  agency  officials  regarding  the 
American  Lake  Gardens  area  water  supply  pollution  problem.  This  letter  is  to 
confirm  agreements  reached  at  that  meeting. 

Your  letter  on  the  subject  received  March  12,  1984,  describes  the  agree-ment 
reached  in  EPA  program  terms.  The  investigation  which  the  Air  Force  has  agr.i 
to  conduct  is  essentially  the  investigation  already  begun  by  the  Air  Force,  a. 
.-m  extension  of  the  IRP.  Hopefully,  our  Air  Force  investigation  conforriS  in 
all  respects  to  the  requirements  of  an  "RI/FS”  as  a  term  used  b)'  your  agonc)'. 

The  .Air  Force  investigation  will  contain  the  following  elements: 

-  Steps  required  to  identify  the  source  of  contamination 
'  Tcfiiic  the  extent  of  off  base  cont.Tinination 
F  Iv!  I'.t^fy  cleanup  altern.itives  as  appropriate 

''ne  Air  i'or.;e  position  i.s  as  stated  in  the  March  1984,  meeting:  T!.j  .r.  . 

kvidcr.ee  docs  not  establish  that  the  source  of  pollution  is  on  McChorl  ;  r 
Base.  In  a.'cordance  with  EPA  policy  now  extant,  the  .Air  Force  has  ac;c  ic- 
responsibility  for  the  next  stage  of  the  investigation  only.  It  i..  k-.-.p^etCL. 
that  the  ultimate  determination  as  to  the  source  of  and  rcsponsibi  Ii  .'c; 
pollution  and  assigninent  of  responsibility  for  cleanup  in  accordaricc  Witli  tl.k 
■Vtunorandum  of  Understanding  between  EPA  and  DOD  will  be  made  upon  i.cmplLti 
this  next  stage  of  the  investigation. 

Sincerely, 


1  Ate  h 

62  AllG'CC  Itr,  20  .Mar  c-i. 
Miibj:  American  L.ikc  (lir  :o. 

w/1  A:<  li  (MAi’l 
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G.ARY  L.  THOMPSON,  Colonel,  H.SAF 
Commander 


v,CCHORB  AF3  GOVER;<;'f'‘T  COPIER  NUMBER  3 

DEPARTMENT  OF  THE  AIR  FORCE 
HEADQUARTERS  62<1  AIR  BASE  GROUP  (MAC) 

MeCHORD  AIR  FORCE  BASE,  WASHINGTON  98438 


;  cc 

'  American  Lake  Gardens'  Tlan 


Re'^ion  X,  Environmental  Protection  Agency 

1.  L’iio  Air  Force  has  been  tasked  by  Region  X  EPA  to  continue  a  nor. storing  pr 
to  : 

a.  Determine  the  source  of  contamin-ation  by  volatile  orcenics  in  t’r.e  sha 
.'.quifer  below  Che  American  Lake  Garuens  tract. 

b.  Determine  the  extent  of  the  contamination . 

2.  Scope  of  Work: 

;i.  Monitoring  Program  (Duration  one  year  from  implementation  of  this  plu 
(1)  Existing  Wells 

(a)  Water  table  elevations  will  be  recorded  weeklv  for  a  p..'rio.i 
10  weeks  on  F.PA  wells  W1-W8,  Mary  Clark's  drinking  water  wells,  a::d  Air  "orce 
■■.'••’Us  i'''’01,  DZ02,  D7,06,  and  DZ07.  Water  elevations  will  also  he  retoriod  fi.. 

tanding  wafer  bounding  Clark's  propertv  with  Air  Force  property,  .:;id  sw.-:npy 
■  iron  lmsl  from  the  tliirJ  toe  of  the  golf  ewurbe. 

(b)  Volatile  organics  (1,1  trar.s  d  ic’nloroethylene  and  t  r :  c .. lorr 
e t ';;v len'- 1  '.impling  will  be  performed  quarterly  .it  the  '"PA  wclLs  W1-W8  a.o'.  b'.'. 
ir/Jih  i.nd  D::.j7. 

I  c)  (Complete  drinking  water  stand. ird  ( incluc  in.;  hacteriol.; -.ic  .1 
I'.'.i.s  will  be  performed  once,  during  the  first  quarter,  on  the  follcwic’, 
rc •;  i.ji'a;- ' ;  wells; 

1  Clark  (1)  6117  I46th  SW 

2  Lung 

2  lolinson 

2  I.i-ott.i  6715  lA6tli  GW 
5  Miller  6615  !5(kh  GW 
6^  .Mpiao  L.st.itej  boll  I'tCth  iW 

7  Mojd 

8  i'obhins 

(d)  1,/  I'rans  and  ’OIK  nimple.s  will  ..i?  e.)l  1  cc fisl  ,u.i.  i 

the  following  residents'  drinkin.;  w.iter  wells: 
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1  Clark  2  6117  146ch  SW) 

2_  Lung 

1  Johnson 

^  Liocca  6715  146ch  SW 
5  Miller  6615  150ch  '^W 
^  .\lpine  Estates 

2  Cronbie  6108  1 50th  SW 
2  Cypress  Green  Apts 

£  Hancock  6411  ISOth  SW 

10  Masters 

11  Mirage  Apartments 

12  Rantell  Apts 

13  Ritter 

14  Robinson 

15  Ryan 

Lo  Skipp  7109  1.49th  SW 

£7  Snith  6603  146ch  SW 
Bryan  ;'9i2  150th  SW 

£9  Westorniire  Apts,  7310  150ch  SW 

20  Rcbbins  7910  148th  SW 

I'r  .  '.A'']  t  and  Monitoring 

All  In  in  efior:  to  detormino  t!ie  sonrce  of  ccntiminit,  n,  ' 
'Is  VI  II  ,0  installed  at  locations  shown  in  attachment  1.  Tine  easterly  a. 
;.:tec  IvJrailically  npgradient  of  the  landfills.  Tiiree  do'.vmgradicnt  vail  i 
he  loc  It  d  ilong  the  v/estern  edge  of  the  area  previously  used  as  la’.Iti  1 
rarna in.I.i. ,  veil  will  be  located  in  the  same  water  bearing  grave'i  se.-m  -is 
ioh  veils  ;)206  and  D207  are  Ineated.  All  wells  will  be  approxlmatelv  50  f 
■a,  and  coastruct-el  of  4-L/2"  l.D.  slotted  PVC.  This  will  enable  4"  O.D. 
rsih!,..  pump;  to  be  ia:i';aLIed  to  clear  the  veils  prior  to  :-;ami:ling,  or  to 
‘.I  in  anv  further  remedial  cleanup  effort'. 

(b)  ihrec  wells'  pumps  (see  atCanliment  1)  will  he  operi':ed 
laly  Iwr  yai-posc  .'jf  veil  flushing  and  sampling.  Wat'T  sampli'S  •vill  'e 

lloeted  .ine.:  per  vcek  for  In  wcekr.  and  analvn.ed  for  total  volatile 
■I.ly  u.;a’..Mati()ns  of  .-Ji)'..',  i ;  fc  /onduetapj;;:  an.!  jd!  will  be  per  i  o  .-m'.d  .'a  aim., 
!l  a;  water  table  elevarions. 

(e)  Other  well  ',  ;,i,r/  lie  drill. s'  on  ,inl  oif  '■  lae,  in'l'.i  a.'  i 
lu'fili'tr  de;  iae  t';,^^  'a.., Vs  uf  parap.iapli  1. 
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(3)  Potential  Cleanup:  Cleanup  alte’^natives  can  only  be  considered  as 
speculative  contingency  planning  at  this  time.  Any  corrective  measures  must  be 
evaluated  based  on  the  situations,  facts  reported,  and  recommendations  from  all 
parties  involved.  Potential  corrective  measures  must  be  economically  feasible, 
and  coordinated  through  our  'aigher  headquarters  chain  of  command.  These  measures 
could  be  of  the  following: 

(a)  Treatment  of  Leachate,  by  filtration,  aeration,  or  a  combinati'n 
of  various  recovery  vell^ techniques . 

(b)  liarrier  containment  with  one  of  t'.ie  above  mentioned  treaf.-.on:  5 . 

(cj  excavation  of  contaminated  material. 

(d'  Installation  of  a  collection  driinfleld  under  the  ccntamir.atcc 
urea,  ■■;it;i  treatment. 

(e)  Other  innovative  measures  not  presently  defined. 

"'.'.e  appropriate  cleanup  can  only  be  planned  in  earnest  when  the  source  of 
con tuminat  ion  is  kno'.-m. 
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(■'0  deter  Supply  M ternatives :  Alternatives  for  supplying  vviater  to 
iffected  residents  could  include,  depending  on  volume: 


''a)  bottled  water. 

'b)  •■■.’utor  buffaloes. 

{cl  temporary  water  li.ics  from  Lite  farter  lake  Zlotientar-'  fehu,!. 
ot  er  proposals  .'.;j  appropriate. 

fu.uld  I'.'  taut  the  final  solution  sho".lc  be  to  extend  the  I'i-urcc  f;un; 

cu  wav)d  ■.■.'aLur  i.ines  to  ti'.o  area.  This  proposal  eliminates  any  c'r.tera  -  ‘ 
1'.  tirm  ...<t;  ;1  'ont.'.mir.at  ton  due  to  numerous  septic  systems  in  the  Pif  - j  . 

f  cd  i  1 1  ically .  TPhiiD  and  DSi'S  must  provide  the  criteria  for  ultimate  .at. 
’.i  ’y  hj'orc  'i-'i  !!  .i  t ernat ives  are  evaluated  and/cr  implemented. 
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)C)!-I\  SPtLLMA.«l 
Oivernor 


received 

APR  1  3  198 1 
•^^8  -  Seattle 


OONAIDU  ‘.'/iDS 
Dirpri'i' 


STATE  OF  WASHISOTCA 

DFPa\RTMENT  of  ecology 

7’7?  f /dn-,  /t  '- n  •  C)i\rr.p:j  W.uhni’tnn 


(2(h)  ~5  1-235) 


April  n,  1984 


Colonel  Gary  Thompson 
Acting  Base  Commander 
McChord  Air  Force  Base 
Tacoma,  WA  98438 

Dear  Colonel  Thompson: 

Washington  Department  of  Ecology  (WDOE)  supports  the  Air  Force's  forthcoming 
expanded  groundwater  investigations  to  better  define  and  evaluate  possible 
contaminants  leaching  from  an  old  base  landfill  up-gradient  of  American  Lake 
Gardens.  The  additional  steps  by  the  Air  Force  to  supply  bottled  drinking 
water  to  nearby  residents  is  also  appreciated. 

We  wish  to  formalize  and  re-emphasize  WDOE's  grave  concern  related  to  the 
severe  pollution  of  groundwater  beneath  McChord  AFB  with  petroleum.  All 
parties  agree  that  area  geology  is  complex;  thus  a  theory  that  the  petro¬ 
leum  might  be  trapped  may  be  wishful  thinking.  The  Air  Force  must  proceed 
as  planned,  with  haste  to  define  and  recover  this  material.  Again,  this 
situation  must  receive  high  attention.  Your  commitment  to  immediately  notify 
WDOE  and  local  agencies  of  any  other  new  pollution  discoveries  is  welcome. 

Base  Vio-environmental  Command  needs  to  become  familiar  with  Washington 
State  environmental  regulations.  Our  state's  Clean  Water  Act,  Chapter 
90.48  RCW,  (copy  enclosed)  reads  in  part  . 

"waters  of  the  state"  shall  be  used  in  this  chapter, 
they  shall  be  construed  to  include  lakes,  rivers, 
ponds,  streams,  inland  waters,  underground  waters, 
salt  wafers  and  all  other  surface  waters  and  water 
courses  within  the  jurisdiction  of  the  State  of 
Washington. 

You  and  base  Bio-environmental  Staff  should  note  the  particular  sections 
governing  discharges  of  oil  into  waters  of  the  state,  reporting,  clean-up 
responsibility  and  WDOE  enforcement  options  related  to  pollution  of  state 
resources. 
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Colonel  Gary  Thompson 
April  11,  198^ 

Page  two 
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WDOE  is  available  to  provide  assistance  as  requested  and  looks  forward  to 
frequent  progress  updates.  Mr.  Norm  Glenn,  Regional  Manager  of  our  South¬ 
west  Regional  Office,  Tumwater  (telephone:  (206)  753-2353),  is  the  appropri¬ 
ate  WDOE  contact  to  participate  on  your  suggested  Project  Task  Team.  Please 
direct  future  information  to  Mr.  Glenn. 


Si ncerel y , 


Oin  Ot 


lin  Oberlander 
Remedial  Action  Section 


J0:la 

Enclosure 

cc:  Derek  Sandison,  Tacorna-P ierce  County  Health  Department 
Chuck  Findley,  EPA,  Region  X 

Bob  James,  Dept,  of  Social  and  Health  Services,  Seattle 
Rich  Greiling,  JRB  Associates/^ 

R.  Benovi,  McChord  Air  Force  Base 
Norm  Glenn,  WDOE 
Frank  Monahan,  WDOE 
A1  Ewing,  EPA,  Olympia 
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JRB  Aiisocidii's  B  Norlhup  Wdy.  Suitf 

A  (  nnipn^i;  of  Sm'nci'  App/icofi(*ns  /nr 


Bellevue.  Washington  W(K)h 


(2(»(.)  747  7h<)<) 


August  2,  1984 


[ 

■i 

Mr.  Frank  Monahan 

Supervisor,  Hazardous/Solid  Waste  Section 
Washington  Oepartnent  of  Ecology 
7272  Clearwater  Lane 
Olympia,  WA  98504 

Dear  Mr.  Monahan: 

I  am  writing  this  letter  to  apprise  you  of  continuing  geohydrologic  research 
;  activities  involving  time-series  sampling  of  monitoring  wells  at  McChord  AFB 

in  conjunction  with  Phase  lie  of  the  Air  Force's  Installation  Restoration 
Program.  This  sampling  study  outined  below  is  being  performed  to  help  us 
j  confirm  the  presence  of  and  determine  the  source  of  contaminants  found  in  the 

groundwater  beneath  the  base  golf  course. 

j  The  time-series  sampling  of  these  wells  involves  stressing  the  aquifer  in 

^  question  by  continually  pumping  and  then  sampling  each  well  for  volatile 

organics  once  weekly  for  16  weeks.  We  have  installed  two  six-inch  diameter 
observation  wells  on  the  golf  course  with  a  four-inch  submersible  pump  in  each 
well.  Three  additional  wells  and  at  least  one  more  pump  are  to  be  drilled  and 
installed  within  the  next  few  weeks.  Beginning  approximately  I  September,  it 
I  is  our  intent  to  pump  approximately  40  gpm  continuously  and  weekly  collect 

.  groundwater  samples  to  measure  the  concentration  of  volatile  organics.  As 

presented  in  our  March  meeting  at  Base  Headquarters,  we  Intend  to  discharge 
the  water  into  the  swampy  depression  near  the  west  end  of  the  golf  course  and 
the  duck  pond  beside  Lincoln  Boulevard. 

The  most  recent  concentrations  of  volatile  organics  for  these  two  wells  are  as 
'  follows: 

11  June  1984,  Well  DR01  (west  gate)  13.0  feet  from  ground  surface 

Trans-l,2-Dichloroethene-3.2  ppb 
Trichloroethylene-2.5  ppb 

11  June  1984,  Well  DR02  (between  Fairway  1  and  Fairway  9)  18.0  feet 
from  ground  surface 

f  Dichloromethane  1.4  ppb 


S 


H 
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These  samples  were  collected  at  the  groundwater  surface  before  the  pumps  were 
Installed  In  the  veils.  The  concentrations  at  the  groundwater  surface  are 
relatively  low  but  contain  the  contaminants  of  continued  Interest.  Both  the 
EPA  Investigations  and  our  ongoing  studies  demonstrate,  however,  that  the 
highest  contaminant  concentrations  are  found  at  depths  of  20  to  30  feet  below 
the  groundwater  surface.  For  this  reason  It  Is  anticipated  that  total  vola¬ 
tile  organics  may  exceed  100  ppb  upon  startup  of  the  submersible  pumps. 

Should  the  concentrations  Increase  dramatically  we  will  stop  pumping  and  cease 
all  discharges  to  surface  waters,  and  notify  all  Individuals  identified  below. 

If  you  have  any  questions  or  comments  concerning  this  phase  of  the  Investi¬ 
gation,  please  do  not  hesitate  to  call  me  or  Rich  Grelllng  at  747-7899. 

Unless  we  receive  notification  denying  or  modifying  our  proposed  action,  ve 
will  presume  that  this  letter  and  its  subject  matter  has  received  your  accep¬ 
tance. 

Sincerely, 

Robert  L.  Peshkln 
Geologist 

cc:  Col.  Paul  Martin,  McChord  AFB 
Major  Robert  Blnovl,  McChord  AFB 
Lt.  Col.  Miguel  Pereira,  McChord  AFB 
Chuck  Findley,  EPA 
Chuck  Schenk,  EPA 
Jim  Oberlander,  VDOE 

Derek  Sandlson,  Tacoma/Plerce  County  Health 

Bob  James,  DSHS 

Bill  McRaney,  JRB/McLean 

Joyce  Standlsh,  JRB/McLean 
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OCT  1 1  i984 


CERTIFIED  MAIL 


United  States  Air  Force 
McChord  Air  Force  Base 
Headquarters  62ad  Air  Base  Group 
McChord  Air  Force  Base,  WA  98A38-5300 

Gentlemen: 

Enclosed  is  Order  No.  DE  84-604.  All  correspondence  relating  to  this 
document  should  be  directed  to  the  enforcement  officer.  If  you  have  any 
questions  concerning  the  content  of  the  document,  please  call  Frank 
Mon.-.han,  Tumwater,  telephone  (206)  753-4089. 

A  form  entitled  "Acknowledgment  of  Service"  is  also  enclosed.  Please 
sign  this  form  and  return  it  to  this  office. 

This  order  is  issued  under  the  provisions  of  RCW  90.48.120.  Any  person 
feeling  aggrieved  by  this  order  may  obtain  review  thereof  by  applica¬ 
tion,  within  30  days  of  receipt  of  this  order,  to  the  Pollution  Control 
Hearings  Board,  Mail  Stop  PY-21,  Olympia,  WA  98504,  with  a  copy  to  the 
Director,  Department  of  Ecology,  Mail  Stop  PV-11,  Olympia,  WA  98504, 
pursuant  to  the  provisions  of  Chapter  43.21B  RCW  and  the  rules  and  regu¬ 
lations  adopted  thereunder. 


Philip  E. 'Miller 
Enforcement  Officer 
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Enclosures 


DEPARTMENT  OF  ECOLOGY 


IN  THE  MATTER  OF  THE  REQUEST  BY  ) 

UNITED  STATES  AIR  FORCE  ) 

McCHORD  AIR  FORCE  BASE  )  ORDER 

FOR  TEMPORARY  MODIFICATION  OF  )  No.  DE  8A-604 

WATER  QUALITY  STANDARDS  ) 

To:  United  States  Air  Force 
McChord  Air  Force  Base 
Headquarters  62ad  Air  Base  Group 
McChord  Air  Force  Base,  WA  98438-5300 


On  September  21,  1984,  McChord  Air  Force  Base  submitted  a  request 
for  temporary  modification  of  the  water  quality  criteria  of  the  swampy 
depression  and  the  duck  pond  beside  Lincoln  Boulevard,  McChord  Air  Force 
Base,  Washington,  during  the  period  beginning  on  the  date  of  commencement 
of  the  pump  testing  and  continuing  for  16  weeks  for  the  purpose  of  pump 
testing  on  three  wells  near  the  Golf  Course  Landfill. 

In  view  of  the  foregoing  and  in  accordance  with  RCW  90.48.120(2): 

IT  IS  ORDERED  that  the  water  quality  criteria  specified  in  WAC  173- 
201-045(2) (c) (vii)  is  hereby  modified  for  a  limited  period  beginning  on 
the  date  of  commencement  of  the  pump  testing  and  terminating  at  midnight, 

16  weeks  from  the  initiation  of  the  pump  testing. 

This  modification  is  subject  to  the  following  condition(s) : 

1.  McChord  Air  Force  Base  and  their  agent,  J.R.B.  and  Associates, 
may  discharge: 

a.  40  gpm  from  Well  DROl  to  the  swamp  area  described  above;  and 

b.  40  gpm  from  Wells  DR02  and  DR03  to  the  duck  pond  described 
above . 

2.  The  quantity  of  volatile  organics  being  discharged  shall  not 
exceed  .24  Ibs/day  (approximately  500  ppb)  per  well  unless 
prior  written  approval  is  obtained  from  the  Washington  Depart¬ 
ment  of  Ecology  (WDOE). 

3.  The  pumping  is  to  be  discontinued  if  the  capacity  of  these 
impoundments  is  exceeded  and  a  discharge  from  them  is  imminent. 

4.  Testing  for  solvents  shall  be  done  at  a  minimum  of  once  per 
week. 

5.  This  variance  is  granted  for  a  time  period  not  to  exceed 

16  weeks  from  initiation  of  the  pump  testing  and  the  pump  test 
must  be  initiated  within  five  (5)  days  of  receipt  of  this 
order.  The  Department  of  Ecology,  Southwest  Regional  Office 
must  be  notified  of  the  date  testing  begins. 
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The  department  retains  continuing  jurisdiction  to  make  modifies 
tions  hereto  through  supplemental  order,  if.it  appears  necessary  to 
further  protect  the  public  interest ^i^g^lie  .modification  period. 

DATED  at  Olympia,  Washingtony^QJ 


luhoia 

iBistant  Director 
Department  of  Ecology 
State  of  Washington 


.)RB  Associdit's  13400  B  Northup  Way,  Suite  38.  Bellevue.  Washitigion  98005 
A  Company  of  Science  Applications.  Inc 


(206)  747  7899 


January  7,  1985 


Mr.  Jack  E.  Sceva 
Mail  Stop  329 

U.S.  Environmental  Protection  Agency 
1200  Sixth  Avenue 
Seattle,  Washington  98101 

Dear  Jack: 

With  regard  to  your  recent  conversation  with  Rich  Greiling  concerning  the 
elevations  of  monitoring  wells  in  American  Lake  Gardens,  I  am  forwarding  to 
you  the  most  recent  survey  data  from  the  Air  Force. 

Apparently,  the  original  survey  data  for  the  golf  course  wells  were  based  on 
a  temporary  benchmark.  This  benchmark  was  not  intended  to  be  used  for  absolute 
elevation  surveys,  but  rather  for  surveying  a  proposed  fenceline. 

We  are  not  sure  which  of  wells  DZ03,  DZ06  or  DZ07  was  used  as  a  reference  point 
during  Ecology  and  Environment's  survey  of  the  American  Lake  Gardens  monitoring 
wells  W-1  through  W-8.  Thus,  I  am  providing  the  old  survey  elevations,  the  new 
survey  elevations  and  the  rationale  for  the  new  elevations  of  W-1  through  W-8 
based  on  a  resurvey  of  W-1.  These  data  are  as  follows: 


Well 

ID 

Old  ^ 
Elevation® 

New  ^ 
Elevation 

A  Elevation 

DZ03 

277.02 

271.27 

5.75 

DZ06 

270.65 

275.37 

4.72 

DZ07 

269.92 

274.66 

4.74 

W-1 

268.16 

272.81 

4.65 

W-2 

266.26 

270.91 

4.65 

W-3 

267.09 

271.74 

4.65 

W-4 

264.79 

269.44 

4.65 

W-5 

263.57 

268.22 

4.65 

W-6 

259.46 

264.11 

4.65 

W-7 

252.46 

257.11 

4.65 

W-8 

260.38 

265.03 

4.65 

®A11  elevations  are  to  the  top  of  the  protective  steel  casing. 
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The  greater  difference  In  elevation  at  Well  DZ03  is  attributable  to  the  shorten¬ 
ing  and  resetting  of  the  protective  steel  casing.  Monitoring  Well  W-1  is  the 
only  well  in  American  Lake  Gardens  which  was  actually  resurveyed  by  the  Air 
Force.  My  presumption  is  that  W-1  was  originally  surveyed  from  a  reference 
point  of  either  one  or  all  of  Wells  DZ03,  DZ06,  and  DZ07.  It  is  my  understand¬ 
ing  that  the  other  American  Lake  Gardens  monitoring  wells  (W-2  through  W-8) 
were  surveyed  from  and  with  closure  to  well  W-1.  For  this  reason,  we  believe 
it  is  allowed  to  use  a  constant  A. 65-foot  change  in  elevation  for  all  wells. 

Also,  note  that  the  difference  between  the  old  elevations  and  the  new  elevations 
for  DZ06,  DZ07,  and  W-1  falls  within  a  0.09-foot  margin.  The  base  surveyor  who 
is  undertaking  the  resurvey  project  is  satisfied  with  a  0.10-foot  margin  of  dif¬ 
ference.  We  believe  that  the  new  elevations  of  the  American  Lake  Gardens  wells 
are  accurate  presuming  the  original  survey  which  was  done  by  Ecology  and 
Environment  was  accurate. 

If  you  have  any  questions,  or  if  you  are  aware  of  other  facts  which  we  may 
have  overlooked,  please  do  not  hesitate  to  call  Rich  Grelllng  or  myself  at 
7A7-7899. 

Sincerely, 

Robert  L.  Peshkln 
Geologist 

RLPrlmw 

cc:  R.  Greiling 

Mjr.  D.  Brownley 


1.0  FIELD  SAMPLE  CUSTODY 


Chain  of  custody  procedures  were  employed  with  all  collected  groundwater  sam¬ 
ples  in  the  project.  An  example  of  the  chain  of  custody  form  currently  being 
used  by  SAIC  is  shown  in  Figure  I-l.  An  example  of  a  completed  chain  of  cus¬ 
tody  form  used  on  this  project  is  presented  in  Figure  1-2.  The  procedures  are 
straight  forward  and  follow  common  sense  rules.  A  brief  summary  of  the  sali¬ 
ent  features  is  presented  below. 

When  the  sample  was  Initially  taken,  it  was  logged,  identified,  and  labeled. 
This  included  at  least  the  site,  depth  of  sample,  sample  type,  date,  time,  and 
sampling  person.  The  field  sampling  person  has  primary  responsibility  for  pro¬ 
per  maintenance  of  the  sample  in  the  field.  When  the  samples  were  shipped  to 
the  laboratory,  SAIC  prepared  and  packed  all  samples  in  ice,  sealed  the  cool¬ 
ers,  and  transferred  the  samples  to  the  airline  freight  forwarding  company. 
Signatures  of  the  freight  personnel  at  each  shipping  or  transfer  point  were 
required.  When  the  sample  arrived  at  the  lab,  designated  personnel  received 
the  samples,  asked  the  delivery  person  for  a  sign  off  on  the  condition  of  the 
shipment,  and  then  began  the  preparaVlon  process  for  each  sample  until  analy¬ 
sis.  Upon  receipt  at  the  lab  all  uamples  were  logged  into  the  laboratory 
chain  of  custody  and  tracking  system. 

Once  the  samples  have  been  analyzed,  any  remaining  unanalyzed  sample  aliquots 
are  kept  in  the  laboratory  tracking  system  until  the  end  of  the  project. 
Final  extracts  or  solutions  used  in  the  analytical  process  are  also  logged 
into  the  tracking  system  and  stored  in  controlled  access  freezers  and  coolers 
throughout  the  life  of  the  project.  At  the  end  of  the  project,  SAIC  will  seek 
instructions  from  the  USAF  on  the  final  disposition  of  the  samples.  If  after 
120  days  from  the  end  date  of  the  project  instructions  have  not  been  received, 
SAIC  will  dispose  of  the  samples  in  an  appropriate  manner. 


2.0  LABORATORY  SAMPLE  CUSTODY 


Sample  custody  is  maintained  at  SAIC's  analytical  laboratory  through  the  use 
of  several  tracking  systems  designed  to  protect  sample  integrity.  Mechanisms 
utilized  to  ensure  sample  integrity  include  formal  chain  of  custody  documenta¬ 
tion,  locked  sample  storage,  analysis  request  forms,  and  routine  sample  status 
review  by  laboratory  and  program  managers. 

For  programs  not  requiring  field  collection  by  SAIC  personnel,  the  sample 
tracking  system  will  be  initiated  immediately  upon  receipt  at  SAIC's 
analytical  facility.  An  overview  of  the  sample  tracking  and  chain  of  custody 
procedure  t'o  be  used  is  presented  in  the  flow  diagram  illustrated  in  Figure 
1-3.  This  procedure  Includes  the  following  components: 

1.  Upon  arrival  all  samples  are  Inspected  to  Insure  that  each  sample  is 
intact.  This  Inspection  will  include  examination  of  sample  seals 
(when  stringent  chain  of  custody  is  required)  and  anomalies  are 
noted  in  the  SAIC  sample  log  book,  chain  of  custody  form  and  the 
client  is  alerted. 
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CHAIN  OF  CUSTODY  FORM 
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Figure  1-3 

CHAIN  OF  CUSTODY /SAMPLE  TRACKING  FLOW  DIAGRAM 


2.  Each  sample  Is  assigned  a  unique  SAIC  sample  Identification  number 
(cross-coded  with  the  project's  field  numbering).  Sample  Identifi¬ 
cation  Information  Is  kept  In  a  bound  log  book  and  this  ID  number  Is 
used  to  track  sample  location  and  status  throughout  the  analytical 
facility. 

3.  When  formal  chain  of  custody  is  required,  the  chain  of  custody  docu¬ 
ment  Is  initiated  when  the  sample  Is  relinquished  by  the  courier  to 
the  laboratory  for  analysis. 

4.  The  field  chain  of  custody  document  Is  completed  and  carbon  copies 
are  returned  to  the  appropriate  party(s). 

5.  The  following  Information  Is  recorded  in  the  SAIC  sample  log  book: 
sample  origin,  customer  and  project  information,  time  and  date  of 
receipt,  sample  type,  analysis  required,  preservatives,  and  perti¬ 
nent  comments. 

6.  After  the  sample  Is  logged  in  and  chain  of  custody  Is  initiated,  an 
Internal  chain  of  custody/tracking  document  is  generated. 

7.  This  internal  chain  of  custody  document  (Figure  1-4)  requires  that 
the  sample  be  formally  relinquished  by  one  party  and  accepted  by  the 
other  at  each  step  of  the  analytical  process.  This  document  accom¬ 
panies  the  sample  through  each  step  of  the  analytical  process. 

8.  While  within  SAIC's  laboratory,  sample  Integrity  is  maintained 
through  the  use  of  locked  storage  areas.  Samples  remain  in  locked 
storage  areas  except  when  actively  involved  in  the  analytical 
process. 

9.  When  analytical  activities  are  completed,  internal  and  (>xternal 
chain  of  custody  documents  are  completed  and  filed  in  the 
appropriate  contract  file. 

10.  According  to  contract  requirements,  sample  remains  are  either 
archived  in  locked  storage  areas  or  disposed  of  properly. 

11.  A  formal  record  is  kept  on  archived  samples  until  ultimate  disposi¬ 
tion  is  determined. 


In  addition  to  the  external  and  Internal  chain  of  custody  documents,  analysis 
request  forms  (see  Figure  1-5)  are  utilized  to  further  control  sample  flow  and 
facilitate  tracking  within  the  analytical  facility.  Within  each  functional 
lab  unit,  the  laboratory  manager  is  responsible  for  maintaining  sample  inte¬ 
grity,  fulfilling  chain  of  custody  requirements,  scheduling  sample  flow,  and 
tracking  sample  status.  These  activities  are  facilitated  through  the  use  of 
the  above  referenced  documents  and  formal  laboratory  notebooks. 

All  laboratory  personnel  are  required  to  maintain  permanent  laboratory  note¬ 
books  which  document  all  activities  associated  with  the  analytical  process. 
Laboratory  notebooks  are  the  fundamental  record  of  each  staff  member  and  are 
bound  pre-nurabered  volumes.  The  WA  officer  assigns  these  notebooks,  stores 
full  ones,  logs  loc"  ^n  of  notebooks  and  dates  of  use,  and  reviews  them  regu- 
.  irly.  Several  rules  govern  the  use  of  the  these  notebooks: 
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SAIC  INTERNAL  CHAIN  OF  CUSTODY  FORM 
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Figure  1-5 


SAIC  ANALYSIS  REQUEST  FORM 
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1.  Only  assigned  lab  notebooks  are  used  for  record-keeping  related  to 
project  work. 

2.  All  writing  must  be  legible  and  In  Ink,  and  all  numbers  must  be 
clear.  Errors  are  crossed  out  with  single  lines  rather  than  by 
erasing  or  over-writing.  All  entries  must  be  dated. 

3.  The  first  one  or  two  pages  are  left  blank  for  a  Table  of  Contents  to 
be  filled  In  as  project  tasks  are  completed. 

4.  Project  goals  are  Included  as  are  plans  for  achieving  them,  Includ¬ 
ing  specific  references,  considering  that  another  person  might  have 
to  write  a  report  with  only  the  Information  In  a  notebook.  Efforts 
are  made  to  be  as  specific  as  possible,  avoiding  the  assumption  that 
another  person  who  reads  a  description  will  understand  Information 
that  Is  not  available. 

5.  All  relevant  Information  Is  Included  (e.g.,  the  manufacturer  and  lot 
number  of  a  chemical,  the  specific  procedure  used  for  each  sample 
preparation  and  analysis.  Instrumental  conditions,  etc.). 

6.  All  tables  and  graphs  are  labeled  clearly  and  any  abbreviations 
explained.  Terms  used  In  equations  are  defined.  No  loose  papers 
are  Included. 

7.  If  any  data  are  determined  to  be  Invalid,  reasons  are  Indicated. 

8.  Draw  appropriate  conclusions  following  the  completion  of  laboratory 
experiments,  stating  reasons  for  the  conclusions. 

9.  When  work  Is  continued  In  another  notebook,  the  number  of  the  second 
notebook  Is  written  In  the  first  notebook  and  vice  versa. 

When  each  analysis  Is  complete,  the  analyst  will  review  data  relative  to  cor¬ 
relative  QA/QC  results  and/or  make  comparisons  with  other  analysts'  results  on 
similar  samples.  The  analyst  Is  usually  the  first  to  notice  unusual  results 
at  the  Individual  parameter  level  (spiked,  duplicates,  standards,  etc.).  If 
any  problem  Is  detected,  the  analyst  will  consult  with  the  Project  Manager  and 
the  Division's  QA  officer  regarding  needs  for  retesting  or  to  discuss  the  use 
of  an  alternative  procedure. 

A  second  check  at  the  Individual  parameter  level  is  performed  by  the  Investi¬ 
gator  responsible  for  Interpreting  and/or  reporting  the  results.  The  chemist 
checks  QA/QC  results  (control  chart  adherence,  reference  samples,  blanks, 
spikes  and  duplicates)  from  the  raw  data  and  sample  results  through  calcula¬ 
tions  to  the  final  reported  value.  If  results  are  unsatisfactory,  the  analyst 
Is  Informed  and  retesting  Is  scheduled  (either  by  the  original  analyst  or  a 
third  party  analyst)  or  other  means  of  rectifying  the  situation  are  Imple¬ 
mented. 

Finally,  the  Division's  QA  officer  reviews  the  analytical  results  as  a  whole 
from  the  raw  data  with  emphasis  on  blanks,  precision  and  accuracy  data,  signi¬ 
ficant  figures,  and  the  overall  "sense”  of  the  results  and  their  Interrelation¬ 
ships.  Any  problems  are  referred  to  the  analyst  and  Program  Manager  for  reso¬ 
lution  to  the  satisfaction  of  the  QA  officer. 
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1.0  SAFETY  PLAN 


1 . 1  PURPOSE 


The  purpose  of  this  safety  plan  Is  to  summarize  the  procedures  used  by  Science 
Applications  International  Corporation  (SAIC)  to  accomplish  the  USAF  Installa¬ 
tion  Restoration  Program  Phase  II  field  survey  at  McChord  AFB,  Washington. 
This  plan  Is  Intended  to  apply  to  SAIC,  subcontractors  to  SAIC,  and  employees 
of  other  firms  working  under  the  technical  direction  of  SAIC  at  the  site  of 
the  Investigation. 

1.2  WORK  DESCRIPTION 


The  work  to  be  performed  will  determine  whether  or  not  environmental  contamina¬ 
tion  has  resulted  from  Industrial  activities  and  waste  disposal  practices  at 
McChord  AFB,  Washington;  and,  should  contamination  be  found,  estimates  of  the 
magnitude  and  extent  of  the  contamination  will  be  provided. 

1.3  TECHNICAL  EFFORT 


Seismic  refraction  and  electrical  resistivity  geophysical  surveys  will  be  per¬ 
formed  In  several  areas  to  supplement  existing  knowledge  of  local  geology  and 
to  aid  In  identifying  the  directionn  and  rates  of  groundwater  flow.  Monitor¬ 
ing  wells  and  observation  wells  will  be  Installed  near  or  upon  McChord  AFB. 
Standard  penetration  tests  and  split-spoon  sampling  shall  be  done  as  small 
diameter  monitoring  well  borings  are  made.  Wells  will  be  developed  and  water 
samples  shall  be  taken. 

Groundwater  sampling  activities  will  focus  on  the  volatile  aromatic  and  pesti¬ 
cide  fractions.  Also,  the  particulate  and  soluble  fractions  of  the  heavy  me¬ 
tals,  cyanides,  phenols,  and  the  acid  and  base  neutral  fractions  of  priority 
pollutant  scans  will  be  studied. 

Additional  tasks  include  simulation  of  surface  spills  using  an  inorganic  tra¬ 
cer,  monitoring  of  groundwater  quality  parameters  (pH,  specific  conductance, 
and  temptSrature) ,  and  extensive  monitoring  of  static  water  table  elevations  in 
wells  both  on-base  and  off-base  to  examine  seasonal  influences  on  groundwater 
movement . 

1.4  ACCIDENT  PREVENTION 


All  on-site  project  personnel  will  read  and  maintain  a  copy  of  this  safety 
plan  and  safety  precautions.  All  on-site  personnel  will  be  instructed  as  to 
avoidance  of  recognized  hazards  prior  to  beginning  work  on  the  job  site. 
Safety  meetings  will  be  held  to  Identify  and  evaluate  possible  hazards  and 
problems  before  the  start  of  work. 
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SAIC  corporate  policy  B-19-1  states: 

"The  personal  and  collective  safety  and  health  of  all  employees  of  this 
company  is  of  primary  importance.  The  prevention  of  occupationally 
(work  related)  caused  injuries  and  illnesses  is  of  such  consequence 
that  it  shall  be  given  precedence  over  operating  productivity. 

Safety  shall  be  practiced  by  all  personnel  at  all  times.  Only  safe 
methods  and  equipment  shall  be  used. 

It  is  the  company's  Intent  to  always  maintain  effective  standards  for 
guarding  against  injuries  and  illnesses  while  on  the  job.  To  be  suc¬ 
cessful,  proper  attitudes  toward  the  prevention  of  injuries  and  ill¬ 
nesses  on  the  part  of  all  employees  is  required.  Success  in  all  safety 
and  health  matters  also  depends  upon  cooperation  among  the  company,  its 
supervisors,  and  all  employees,  and  also  between  each  employee  and  fel¬ 
low  workers.  Only  through  such  cooperative  attitudes  and  efforts  can  a 
safety  record  in  the  best  Interest  of  all  be  established  and  preserved. 

Our  safety  and  health  program  is  designed  to  reduce  the  number  of 
injuries  and  Illnesses  to  a  minimum.  Our  goal  is  zero  accidents, 
injuries  and  illnesses." 


In  an  effort  to  protect  our  employees  the  following  standards  will  be  met: 

•  All  employees  shall  follow  safe  practices,  use  personal  protective 
equipment  as  required,  render  every  possible  aid  to  safety  opera¬ 
tions,  and  report  all  unsafe  conditions  or  practices. 

•  Work  shall  be  well  planned  and  supervised  to  prevent  injuries. 

•  All  employees  shall  be  given  frequent  accident  prevention  instruc¬ 
tions. 

•  Supervisors  shall  Insist  on  employees  observing  and  obeying  every 
rule,  regulation,  and  order  as  is  necessary  for  the  safe  conduct  of 
the  work. 

t  All  unsafe,  unhealthy  or  hazardous  conditions  or  places  shall  be 
immediately  placed  off  limits,  out  of  order,  etc.,  and  then  promptly 
removed  or  corrected. 

•  No  one  shall  knowingly  be  permitted  or  required  to  work  with 
impaired  ability  or  alertness  caused  by  fatigue,  illness  or  other 
factors  such  that  the  employee  or  others  may  be  exposed  to  accidents 
or  injury. 

•  No  one  will  be  allowed  on  the  job  while  under  the  Influence  of 
intoxicating  liquor  or  drugs. 

•  Horseplay,  scuffling  and  other  acts  which  have  or  tend  to  have  an 
adverse  Influence  on  the  safety  or  well-being  of  employees  are  pro¬ 
hibited. 


•  Crowding  or  pushing  when  boarding  or  leaving  any  vehicle  or  other 
conveyance  is  prohibited. 

•  Employees  shall  be  alert  to  see  that  all  guards  and  other  protective 
devices  are  in  their  proper  places  and  adjusted  to  operation  equip¬ 
ment  and  shall  report  deficiencies  promptly. 

•  Workers  shall  not  handle  or  tamper  with  any  tools,  equipment,  ma¬ 
chinery,  or  facilities  not  within  the  scope  of  their  duties,  unless 
they  are  thoroughly  qualified  and  have  received  Instructions  from 
their  supervisor. 

•  All  injuries  shall  be  reported  promptly,  so  that  arrangements  can  be 
made  for  medical  or  first-aid  treatment. 

•  When  lifting  heavy  objects,  use  the  large  muscles  of  the  leg  instead 
of  the  smaller  muscles  of  the  back. 

•When  involved  in  activities  such  as  welding,  carpentry,  etc.,  pro¬ 
tect  the  eyes  at  all  times  through  the  proper  use  of  goggles,  hoods, 
etc. 

•  Know  where  you  are  going  and  how  you  are  going  to  get  there.  Look 
before  you  move. 

•  Watch  out  for  others;  they  may  not  be  aware  of  what  you  are  doing  or 
where  you  are  going. 

•  Wash  thoroughly  after  handling  injurious  or  poisonous  substances, 
and  follow  all  special  instructions  from  authorized  sources.  Hands 
should  be  thoroughly  cleaned  just  prior  to  eating. 

•  Loose  or  frayed  clothing,  dangling  ties,  finger  rings,  etc.,  shall 
not  be  worn  near  moving  machinery  or  other  sources  of  entanglement. 

•  Apparatus,  tools,  equipment  and  machinery  shall  not  be  repaired  or 
adjusted  while  in  operation,  nor  shall  oiling  of  moving  parts  be 
attempted,  except  on  equipment  that  is  designed  or  fitted  with  safe¬ 
guards  to  protect  the  person  performing  the  work. 

•  Use  common  sense.  If  you  do  not  know,  don't  do  it. 


1.5  OBSERVANCE  OF  USAF  REGULATIONS 

SAIC  and  its  subcontractors  will  observe  and  cooperate  with  all  base  regula¬ 
tions  regarding  access,  vehicle  operation,  personal  conduct,  etc.  while  on 
base.  Specifically:  (1)  all  personnel  will  obtain  passes  to  enter  base  pro¬ 
perty  and  will  check  in  and  out  through  base  guard  stations,  (2)  all  vehicles 
used  on  site  will  carry  current  registration  and  inspection  information,  and 
(3)  all  vehicle/equipment  operators  will  carry  valid  driver/operator  licenses. 
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1.6  SANITATION 

Drinking  water  will  be  obtained  from  local  culinary  sources  and  dispensed  from 
cooler  cans  and  disposable  paper  cups.  Every  effort  will  be  made  to  establish 
and  maintain  sanitary  job  conditions. 

1.7  FIRST  AID  AND  MEDICAL  FACILITIES 

SAIC  and  its  subcontractors  will  have  available  first  aid  kits  for  treatment 
of  minor  injuries.  All  on  site  project  personnel  will  be  made  familiar  with 
the  location  and  instructions  to  the  nearest  emergency  medical  care  facility 
should  emergency  treatment  be  required. 

1.8  ACCIDENT  REPORTING 

Accidents  will  be  reported  within  one  hour.  All  required  accident  report 
forms  will  be  promptly  completed. 
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2.0  SAFETY  PRECAUTIONS 


2.1  GEOPHYSICAL  INVESTIGATIONS 

A.  Only  qualified  personnel  with  related  field  experience  will  be 
used  for  this  work. 

B.  All  drivers  will  have  a  valid  driver’s  license. 

C.  Personal  clothing  standards  will  be  enforced.  Minimum  require¬ 
ments  are  listed  below 

1.  Short  sleeve  shirt 

2.  Long  trousers 

3.  Leather  boots  or  work  shoes  or  other  appropriate  protective 
shoes  or  boots.  Canvas  shoes,  tennis  or  deck  shoes  are  not 
acceptable. 

4.  Hard  hats  are  optional  since  this  is  not  a  construction 
activity  and  will  not  take  place  in  construction  areas. 

D.  The  field  crew  chief  or  geophysicist  in  charge  on  the  site  will 
be  the  job  site  safety  officer  and  will  be  responsible  for  crew 
safety. 

E.  All  personnel  will  be  familiar  with  the  location  of  the  nearest 
emergency  medical  facility  as  well  as  direct  routes  to  that  fa¬ 
cility. 

2.2  DRILLING  ACTIVITIES 

A.  Only  qualified  personnel  with  related  field  experience  will  be 
used  for  this  work. 

B.  All  drivers  will  have  a  valid  driver's  license. 

C.  Personal  clothing  standards  will  be  enforced.  Minimum 
requirements  are  listed  below: 

1.  Short  sleeve  shirt 

2.  Long  trousers 

3.  Safety  toe  leather  boots  or  work  shoes  or  other  appropriate 
protective  shoes  or  boots.  Canvas  shoes,  tennis  or  deck 
shoes  are  not  acceptable. 

4.  Hard  hats  will  be  required  since  this  is  a  construction 
activity  and  will  take  place  on  and  around  overhead  heavy 
equipment. 
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5.  Hearing  protection  In  the  fora  of  either  disposable  foam 
earplugs,  reusable  rubber  earplugs  or  earmuff  type  noise 
attenuators. 

D.  SAIC's  field  geologist  or  project  manager  will  be  on  site  and 
will  be  the  job  site  safety  officer  responsible  for  crew 
safety. 

E.  All  personnel  will  be  familiar  with  the  location  of  the  nearest 
emergency  medical  facility  as  well  as  direct  routes  to  that 
facility. 

2.3  WELL  DEVELOPMENT  AND  FLUSHING  ACTIVITIES 


2.3.1  Safety  Training 

Persons  designated  to  develop  and  flush  monitoring  wells  will  be  instructed 
regarding  the  potential  health  and  safety  hazards  associated  with  the  work 
prior  to  commencing  field  activities.  Specifically,  the  following  topics  will 
be  covered  In  the  training  session: 

A.  Potential  routes  of  contact  with  toxic  and/or  corrosive  sub¬ 
stances 

1.  Skin  contact/adsorption 

2.  Eye  contact 

3.  Inhalation 

4.  Ingestion 

B.  Types,  proper  use,  limitations  and  maintenance  of  applicable 
protective  clothing  and  equipment 


1. 

Safety  helmet 

2. 

Hearing  protection 

3. 

Chemical  goggles 

4. 

Impervious/ chemical 

resistant  gloves 

5. 

Impervious/ chemical 

resistant  safety-toe  boots 

6. 

Impervious  body  coverings  (aprons,  blouse,  trousers) 

C.  Respiratory  protection  using  half-facepiece  air  purifying  res¬ 
pirator  with  replaceable  filter  cartridges 

1.  Hierarchy  of  protective  controls:  engineered,  admini¬ 

strative,  work  practice,  personal  protective  clothing  and 
eq’ .pment . 
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2.  Forms  of  respiratory  protection;  air  purifying  (disposal/ 
reusable),  air  supplied,  self  contained. 

3.  Selection  of  respiratory  protection  based  on  hazard:  dust, 
fume,  mist,  gas,  irritant,  poor  warning  properties. 

4.  NIOSH  certification/approval  of  respiratory  protection 
equipment. 

5.  Medical/physical  fitness  to  wear  respiratory  protection. 

6.  Reporting  of  accidents  and  availability  of  medical  assis¬ 
tance. 

2.3.2  Protective  Clothing  and  Equipment 

All  development  and/or  flushing  of  monitoring  wells  will  be  performed  by  per¬ 
sons  garbed  in  the  following  minimum  protective  items: 

1.  Long  sleeve  shirt 

2.  Long  trousers 

3.  Leather  boots,  work  shoes  or  other  appropriate  protective  shoes 
or  boots.  Canvas  shoes,  tennis  or  deck  shoes  are _no^ accept¬ 
able. 

4.  Hearing  protection  in  the  form  of  either  disposable  foam  ear¬ 
plugs,  reusable  rubber  earplugs  or  earrauff  type  noise  attenua¬ 
tors  when  using  generators  or  compressors. 

5.  Impervious/chemical  resistant  gloves  shall  be  worn  when  hand- 
bailing  monitoring  wells. 

6.  Hard  hats  are  optional  since  this  is  not  a  construction  acti¬ 
vity  and  will  not  take  place  in  construction  areas. 

2.3.3  Work  Practices 


All  development  and/or  flushing  activities  will  be  conducted  by  persons  wear¬ 
ing  at  least  the  minimum  protective  items  listed  above. 

Field  personnel  will  stand  upwind  from  discharge  ports  or  hoses  when  using  me¬ 
chanical  methods  of  development  and/or  flushing. 

Odorous  water  conditions  will  result  in  donning  of  organic  vapor/acid  gas  res¬ 
piratory  protection. 

All  equipment  used  in  well  development  and/or  flushing  will  be  cleaned  and 
rinsed  with  fresh  water  before  being  used  in  another  well. 

No  food  will  be  consumed  at  the  well  site.  Field  personnel  must  wash  thor¬ 
oughly  after  participating  in  well  development  and/or  flushing  activities. 
Hands  and  face  should  be  thoroughly  cleaned  just  prior  to  eating. 
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2.4  COLLECTION  AND  HANDLING  OF  SPLIT  SPOON  SAMPLES  AND/OR  DRILLING  SAMPLES 


2.4.1  Safety  Training 

Persons  designated  to  collect  or  handle  split  spoon  soli  samples  will  be 
instructed  regarding  the  potential  health  and  safety  hazards  associated  with 
the  work  prior  to  commencing  field  activities.  Specifically,  the  following 
topics  will  be  covered  in  the  training  session: 

A.  Potential  routes  of  contact  with  toxic  and/or  corrosive  sub¬ 
stances 

1.  Skin  contact/adsorption 

2.  Eye  contact 

3.  Inhalation 

4.  Ingestion 

B.  Types,  proper  use,  limitations  and  maintenance  of  applicable 
protective  clothing  and  equipment 

1.  Safety  helmet 

2.  Chemical  goggles 

3.  Impervious/ chemical  resistant  gloves 

4.  Impervious/chemical  resistant  safety-toe  boots 

5.  Impervious  body  coverings  (aprons,  blouse,  trousers) 

C.  Respiratory  protection  using  half-facepiece  air  purifying 
respirator  with  replaceable  filter  cartridges 

1.  Hierarchy  of  protective  controls:  engineered, 

administrative,  work  practice,  personal  protective  clothing 
and  equipment. 

2.  Forms  of  respiratory  protection;  air  purifying  (disposal/ 
reusable),  air  supplied,  self  contained. 

3.  Selection  of  respiratory  protection  based  on  hazard:  dust, 
fume,  mist,  gas.  Irritant,  poor  warning  properties. 

4.  NIOSH  certification/approval  of  respiratory  protection 
equipment. 

5.  Medical/physical  fitness  to  wear  respiratory  protection. 

D.  Reporting  of  accidents  and  availability  of  medical  assistance. 
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2.4.2  Protective  Clothing  and  Equipment 


All  sample  collection  work  will  be  performed  by  persons  garbed  In  the  follow¬ 
ing  minimum  protective  Items: 

1.  Long  sleeve  shirt 

2.  Long  trousers 

3.  Chemical  resistant/impervious  boots 

4.  Gauntlet  style,  chemical  resistant/impervious  gloves 

5.  Chemical  eye  goggles  or  face  shield 

Depending  on  soil  or  groundwater  properties,  site  conditions  and  weather, 
other  Items  may  be  used  for  supplemental  protection.  Such  Items  may  Include: 

1.  Respiratory  (half-faceplece,  air  purifying) 

2.  Impervious  apron 

3.  Impervious  work  blouse  and/or  trousers 
2.4.3  Work  Practices  During  Sampling 

All  sampling  activities  will  be  conducted  by  persons  wearing  at  least  the  mini¬ 
mum  protective  Items  listed  above. 

Field  personnel  will  stand  upwind  from  the  sampling  location  and  upwind  from 
extracted  samples  during  their  handling. 

Odorous  soil,  water,  or  site  conditions  will  result  In  donning  of  organic 
vapor/acld  gas  respiratory  protection.  Similarly,  dusty  site  or  soil  sample 
conditions  will  result  In  donning  particulate  filter  type  respirators. 

Soil  or  water  samples  which  display  contamination  will  be  removed  from  the 
site  In  suitable  sealed  sample  containers  for  analysis  and  eventual  disposal. 

Sample  containers  will  be  resistant  to  solution  and  breakage,  and  they  must 
have  a  leakproof  seal.  If  any  of  these  conditions  are  not  satisfied,  the  con¬ 
tainer  should  not  be  used. 

Reagents  used  for  sample  preservation  and  solvents  used  for  cleaning  bailers, 
etc.  shall  be  stored  in  approved  clearly  labelled  containers  with  appropriate 
warning  labels. 

Pipettes  used  for  delivery  of  reagents  for  sample  preservation  shall  be  dedi¬ 
cated  to  specific  reagents  and  must  be  cleaned  and  rinsed  before  storage  after 
sampling. 

No  food  will  be  consumed  at  the  well  site.  Field  personnnel  must  wash 
thoroughly  after  handling  caustic,  acidic,  corrosive  or  hazardous  substances. 
Personnel  shall  follow  all  special  Instructions  on  decontamination  from  au¬ 
thorized  sources.  Hands  and  face  should  be  thoroughly  cleaned  just  prior  to 
eating. 
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2.4.4  Equipment,  Personal  and  Site  Hygiene 


Punctured,  Internally  contaminated,  cracked,  stubbornly  soiled,  protective 
Items  will  be  disposed  of  In  sealed  plastic  bags. 

Paper,  rags,  and  other  disposables  used  on  site  or  In  equipment/sample  con¬ 
tainer  clean  up  will  be  disposed  of  In  sealed  plastic  bags. 

Gloves,  boots,  other  protective  coverings  and  sampling  equipment  will  be 
rinsed  with  clean  water  at  the  site  before  eating,  drinking  and  at  the  conclu¬ 
sion  of  each  day's  activities.  Respirators,  If  worn,  will  be  used  during  the 
rinse  down  activity. 

Where  visual  observation  of  cuttings  or  detected  odors  show  contamination,  per¬ 
sonal  protective  Items  will  be  placed  In  clean  bags  after  rinsing  for  transpor¬ 
tation  to  an  area  where  they  can  be  thoroughly  cleaned  with  detergent  and 
water  and  Inspected  for  leaks,  cracks  or  other  damage.  Where  only  clean  cut¬ 
tings  are  present,  protective  Items  will  be  rinsed.  Inspected,  dried  and  other¬ 
wise  made  ready  for  reuse.  Respirators  will  be  thoroughly  cleaned,  disin¬ 
fected  and  repaired  after  each  use. 

Drill  cuttings  which  display  odor  or  visual  contamination  will  be  sampled  for 
laboratory  chemical  analysis.  Ultimate  disposal  of  the  cuttings  will  be  based 
on  chemical  analyses. 

Odorous  soil  cores  or  site  conditions  will  result  In  donning  of  organic  vapor/ 
acid  gas  respiratory  protection.  Similarly,  dusty  site  or  drill  cuttings  will 
result  In  donning  particulate  filter  type  respirators. 

Soil  cuttings  from  well  drilling  which  display  contamination  will  be  removed 
from  the  site  In  suitable  sealed  containers  or  dn.ms  for  eventual  disposal,  or 
placed  back  Into  the  borehole. 

No  food  will  be  consumed  on  the  drilling  site.  Employees  will  thoroughly  wash 
their  hands,  forearms  and  face  before  consuming  food  or  beverages  other  than 
water  held  In  disposable  cups.  Drinking  water  will  be  available  at  the  peri¬ 
meter  of  the  site  being  investigated.  Disposable  cups  will  be  used  to  consume 
water  after  protective  gloves  are  removed. 
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APPENDIX  K 

BIOSKETCHES  OF  KEY  PERSONNEL 


RICHARD  W.  GREILING 


EDUCATION 


University  of  Wisconsin,  B.S.,  Industrial  Engineering  (1973) 

University  of  Wisconsin,  M.S.,  Sanitary  Engineering  (1975) 

University  of  Wisconsin,  M.S.,  Water  Resources  Management  (1975) 

University  of  Washington,  Cold  Regions  Engineering  (1980) 

PROFESSIONAL  ENGINEERING  REGISTRATION 

Alaska  (CE-4940),  Arkansas  (CE-5794),  Nevada  (CE-6569),  Washington  (CE-17737), 
and  Wisconsin  (CE-18130) 

PROFESSIONAL  EXPERIENCE 


Principal  Investigator  for  the  field  confirmation  and  preparation  of  the  Phase 
I  Records  Search  at  Shemya  AFB,  Alaska,  Malmstrom  AFB,  Montana,  and  Fairchild 
AFB,  Washington,  and  the  Phase  Ila  Presurvey  Reports  for  Clear  AFS,  Alaska  and 
McChord  AFB,  Washington.  The  projects  included  site  survey  of  all  hazardous 
waste  disposal  practices,  including  the  examination  of  the  storage,  transfer, 
use,  and  disposal  of  aviation  fuels,  solvents,  lubricants,  and  other  petroleum 
products;  and  a  technical  project  work  assignment  and  cost  estimate  to  conduct 
Intensive  site  investigations. 

Project  Manager  for  site  investigations  in  Phase  II  of  the  Installation 
Restoration  Program  (IRP)  at  George  Air  Force  Base,  California.  To  date  the 
project  has  resulted  in  the  sltln"  and  development  of  10  groundwater  monitor¬ 
ing  wells.  A  magnetometer  survey  of  two  million  square  feet  of  abandoned 
landfill  was  performed  to  identify  burial  sites  which  could  contain  more  than 
100  drums  of  waste  liquid  solvents.  Field  investigations  also  included  sur¬ 
face  soil  sampling,  liquid  fuels  shop  practices  regarding  pressure  test  pro¬ 
cedures  and  records  management,  and  exfiltration  testing  of  buried  industrial/ 
storm  sewers  to  identify  areas  of  probable  contaminant  release. 

Project  Manager  for  IRP  Phase  II  site  investigation  at  Kingsley  Field,  Oregon. 
The  field  investigation  includes  geophysical  surveys  across  abandoned  land¬ 
fills  to  determine  the  location  and  areal  extent  of  suspected  buried  chemical 
wastes  in  steel  drums,  boring  and  development  of  groundwater  monitoring  wells, 
and  soil  and  groundwater  chemical  characterization. 

Project  Manager  for  the  performance  of  RCRA  Section  3012  preliminary  assess¬ 
ments  at  400  potential  hazardous  waste  disposal  sites  in  Washington  State. 
The  project  entails  the  records  search  of  local,  state  and  federal  regulatory 
and  resource  management  agencies,  on-site  surveys,  and  interviews  of  owner/ 
operators  and  adjacent  property  owners  for  the  purposes  of  identifying  the 
potential  risks  associated  with  past  and  current  hazardous  waste  management 
practices. 

Served  as  Project  Manager  in  a  feasibility  analysis  and  impact  assessment  for 
long-term  disposal  strategies  for  hazardous  wastes  in  the  State  of  Alaska. 
The  study  includes  integrating  treatment,  storage  and  disposal  (TSD)  informa¬ 
tion  from  RCRA  permit  applicants,  and  small  generator  data  from  an  industrial 
inventory  and  survey  with  historical  data  on  abandoned  waste  disposal  sites 
across  the  state. 
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ROBERT  L.  PESHKIN 


EDUCATION 


Southampton  College  of  Long  Island  University,  B.S.,  Geology /Marine  Science 
(1980) 

PROFESSIONAL  EXPERIENCE 


Field  geologist  responsible  for  oversight  of  well  drilling  subcontractors  and 
the  collection  and  field  Interpretations  of  soil  samples  and  groundwater  flow 
features  during  site  Investigations  for  hazardous  waste  monitolrng  activities 
in  accordance  with  the  USAF  Installation  Restoration  Program  (IRP)  at  George 
AFB,  California  and  Kingsley  Field,  Oregon.  Field  project  assignments  have 
employed  multiple  drilling  techniques  and  Installation  of  monitoring  wells  at 
depths  in  excess  of  200  feet.  Field  Investigations  have  also  employed  the  use 
of  seismic  refraction  and  electrical  resistivity  geophysical  techniques  to 
define  both  groundwater  table  elevations  and  stratigraphic  interfaces,  and  mag¬ 
netometer  surveys  to  delineate  waste  disposal  trenches  suspected  of  being  repo¬ 
sitories  for  containerized  liquid  hazardous  wastes.  Geohydrologlc  analyses 
were  performed  using  field  and  geophysical  data  to  determine  groundwater  move¬ 
ment,  contaminant  fluxes  and  boundaries,  and  rates  of  contaminant  migration. 

Project  team  member  in  the  performance  of  400  preliminary  assessments  of  poten¬ 
tial  hazardous  waste  sites  in  Washington  State  in  accordance  with  Resource 
Conservation  and  Recovery  Act  (RCRA)  Section  3012.  The  project  teams  are 
conducting  records  searches,  site  surveys  and  interviews  of  owners/operators 
and  adjacent  property  owners  for  the  purpose  of  identifying  and  summarizing 
the  potential  risks  associated  with  past  and  current  hazardous  waste  manage¬ 
ment  practices.  Directly  responsible  for  assessment  of  pollutant  and  leachate 
mobilization  and  migration,  and  environmental  and  health  risks.  Teams  are 
assigning  numerical  ratings  to  all  sites  for  data  base  profiling  of  hazardous 
waste  site  priority  listing. 

Field  geologist  and  Investigator  with  the  IRP  Phase  I  records  searches  at 
Malmstrom  AFB,  Montana,  and  Fairchild  AIB,  Washington.  Specific  assignments 
included  the  collection  and  interpretation  of  geohydrologic  and  geomorphologic 
data  for  regional  and  site  specific  quantification  of  known  or  suspected  past 
hazardous  waste  pollutant  sources,  pathways,  and  receptors. 

Data  analyst  at  EPA  Region  X  updating  NPDES  wastewater  discharge  permits. 
Responsible  for  interpreting  and  coding  discharge  limits  into  the  National 
Permit  Compliance  System  (a  computer  tracking  system  for  discharge  compliance 
and  monitoring  information).  Also  assisted  Data  Processing  Center  in  solving 
problems  in  the  data  base. 
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PATRICIA  M.  O' FLAHERTY 


EDUCATION 


University  of  Michigan:  B.S.,  Natural  Resources  -  Wildlife  (197A) 
Kent  State  University,  Ohio:  B.S.,  Biology  -  Natural  Resources  (1975) 

PROFESSIONAL  EXPERIENCE 


Team  Leader  for  IRP  Phase  I  Records  Search  and  Site  Investigation  at  Shemya 
AFB,  Alaska,  and  Malmstrom  AFB,  Montana.  The  projects  entail  records  search 
of  sites  on  the  installation  and  at  appropriate  Federal  and  State  offices, 
interviews  of  key  personnel,  and  field  reconnaissance  of  the  installation  of 
all  hazardous  waste  disposal  practices,  storage  locations,  and  transfer  sites. 
The  site  survey  Included  intensive  examination  of  the  POL  system,  landfill  and 
prior  dump  sites,  and  base  shops  and  power  plant  site. 

Task  Leader  of  a  Preliminary  Assessment  Team  conducting  assessments  of  400 
Washington  State  hazardous  waste  storage  or  disposal  sites  in  accordance  with 
Section  3012  of  the  Resource  Conservation  and  Recc"ery  Act  (RCRA).  PA  teams 
collect  data  relevant  to  the  potential  contamination  risks  associated  with 
these  sites  through  records  search,  interviews,  and  site  surveys.  Factors  to 
be  addressed  for  each  site  Include  ground  and  surface  water  characteristics, 
the  nature  and  quantities  of  waste  materials,  potential  for  containment  or 
migration  of  these  materials,  and  an  assessment  of  the  magnitude  of  potential 
or  real  Impacts  utilizing  the  Hazardous  Ranking  System  (HRS). 

Field  technician  for  installation  of  10  groundwater  monitoring  wells  at  George 
AFB,  California  as  part  of  a  Phase  II  IRP  Investigation.  Field  responsibili¬ 
ties  Included  well  development  for  chemical  sampling,  collection,  storage,  and 
transfer  of  sediment  and  water  samples  including  oil  and  grease,  total  organic 
carbon,  trace  metals,  and  trace  organics.  Conducted  routine  collections  of 
well  data  Including  water  table  depths,  pH,  conductivity,  and  temperature. 
Field  technician  at  Kingsley  Field,  Oregon  as  part  of  a  Phase  II  IRP  Investiga¬ 
tion.  Collected  water  samples  and  prepared  them  for  shipment  to  analytical 
laboratory. 

Served  as  staff  biologist  and  compiled  all  bird  and  fish  data  for  a  biological 
resource  atlas  and  oil  spill  countermeasures  atlas  for  a  consortium  of  oil 
companies  participating  in  exploration  and  development  of  petroleum  resources 
along  the  Alaskan  Beaufort  Sea. 

Served  as  staff  biologist  providing  pertinent  Information  on  distribution  of 
marine  biota  and  assessed  environmental  effects  for  the  Ocean  Discharge 
Criteria  Evaluation  (ODCE)  for  southern  California  offshore  oil  exploration 
and  development.  Environmental  effects  of  hazardous  components  of  drilling 
muds,  cuttings  and  produced  waters  were  assessed  with  regard  to  their  poten¬ 
tial  impact  to  this  diverse  and  extensive  marine  community. 
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MICHASL  L.  FEVES 


EDUCATION 


Reed  College:  B.A.,  Physics 

Massachusetts  Institute  of  Technology:  Ph.D.,  Geophysics 
PROFESSIONAL  EXPERIENCE 


Project  leader  for  Foundation  Sciences,  Inc.  (FSI)  in  the  performance  of  seis¬ 
mic  refraction  and  electrical  resistivity  surveys  at  McChord  AFB,  Washington 
and  Kingsley  Field,  Oregon.  The  purpose  of  these  studies  was  to  help  assess 
the  local  hydrology  and  water  quality.  In  the  past  several  years,  Dr.  Feves 
has  conducted  numerous  P  and  S  wave  seismic  studies.  He  Is  experienced  with 
cross-hole  and  surface  refraction  techniques.  The  purpose  of  many  of  these 
studies  was  to  determine  the  dynamic  moduli  of  rocks  Iji  situ.  Downhole  seis¬ 
mic  techniques  were  used  near  Mt.  St.  Helens,  Washington  to  help  assess  the 
stability  of  the  Spirit  Lake  debris  dam. 

Dr.  Feves  has  been  responsible  for  conducting  several  vibration  monitoring 
studies  In  the  Pacific  Northwest.  In  these  studies  the  ground  vibrations 
caused  by  such  activities  as  blasting,  pile  driving,  and  commercial  traffic 
were  monitored  and  ground  response  spectra  were  determined. 

Senior  scientist  responsible  for  several  of  FSl's  laboratory  and  In  situ  rock 
testing  programs.  He  was  the  project  manager  for  a  laboratory  testing  program 
to  completely  characterize  the  thermal  and  mechanical  properties  of  basalt. 
This  testing,  which  was  conducted  In  the  FSI  rock  mechanics  laboratory  for 
Rockwell  Hanford  Operations,  evaluated  such  properties  as  uniaxial  and  trl- 
axlal  compressive  strength,  dynamic  and  elastic  constants,  thermal  expansion, 
and  conductivity,  among  others. 

At  the  Near-Surface  Test  Facility  on  the  Hanford  Site  near  Richland, 
Washington,  Dr.  Feves  served  as  Team  Leader  In  training  technicians  and  super¬ 
vising  the  Installation  of  a  system  of  rock  Instrumentation.  The  Instruments, 
which  Include  borehole  deformation  gauges,  vibrating  wire  stressmeters,  exten- 
someters  and  thermocouple  assemblies,  measure  deformation  and  Increasing 
temperature  of  the  surrounding  basalt  In  a  simulated  nuclear  waste  repository. 

Dr.  Feves  also  serves  as  an  adjunct  professor  at  Portland  State  University. 
Courses  taught  include  Quantitative  Evaluation  of  Geologic  Hazards,  Rock 
Mechanics,  and  Physics  for  nonmajors. 
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